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FOREWORD 


The International Synposiun on Cround-Based Studies of the Middle 
Atmoaphere was held at Schwerin, German Democratic Republic, frou May 10 to 13, 
1983. It waa organised by the Acadeny of Sciences of the Gcman Detaoeratic 
Republic, and boated by ita Central Institute of Solar-Terrestrial Physics 
(Heinrich Hertz Institute) under the direction of Prof. Dr. V. Mundt. 

The aim of this synposiun waa to point out the valuable contribution which 
ground-based investigations, with their particular capabilities for long-tern 
continuous monitoring of atmospheric processes and paraneter variations on 
various tine scales, can render to the scope of the Middle Atnosphere Progrff*. 

Ve believe that the symposium has well served its function to provide a useful 
forun for the exchange of ideas, results, and experiences, and tc aid the nutuil 
stimulation between 'meteorological* and * aeronomica 1 ' approaches to the 
problems of the niddle atnosphere. 

Ve wish to thank the CDR National Committee on Ccodesy and Geophysics and 
the international organizations that co-sponsor the symposium: The Scientific 

Committee on So lar-Terrestr Ul Physics (SCOSTEP), the International Association 
of Geomagnetism and Aeronony (IAGA), and the Conmttee on Space Research 
(COSTAR). 

The volume contains the extended abstracts of almost all of the 16 invited 
and 28 contributed papers presented at Schwerin. Ve would like to thank the MAP 
Publications Connittee with its chairman. Prof, C. F. Sechrist, Jr., for 
providing the possibility to publish this report as a volume of the Handbook for 
MAP. The assistance of Belva Edwards, Penny Roth, and Edward Lovekanp in the 
production of this volume is gratefully acknowledged. 

J. Taubenhein 

Chairman , Program Connittee and Editor 
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KEU1HAL EEKOSPUm FtOFtmiS DETEFMIBH'C «ECU» «■*■** U»«TU> 

J, Taubenheim 

Academy of Science* of the COP. 

Central Xnatitutc of Solar-Terrestrial Phync. 

(Heinrich Hert* Institute) 

DDR-1199 Berlin-Adlershof , CDR 

A rather large nunber °* P*P®” ‘^°'b™ndary of the middle 

pheric D region, which is situated fl „ it P ^ 8 the phenomenon of D region 

tmosphere. Thie ha* a historical root, Appleton more than forty years 

winter anomaly’, first di acove red Jf Sir ^ cetc0 rological 

*0. “hich ,B«ve the first «pul Up w n0V( how£Vcr , the number_of_ 


: tor seasons i 

o. which gave tne iir« n0W( how£VC r, the number of 

cutiarities of the middle atmosphe . P D re gi on ionization 

rious manifestations of meteorological cont. to^ota e £ % 

ee, e.g.. TAUBWHE1H 0983 Jround-b.sed one*, for it. measurement have 

ichniques, including very e challenge both for aeronomers and for 

eadily grown. This » * f^o middle atmosphere processes with the 

s. - » • >— ■ 

Foe i....tU«iOS «- 

sight region between 75 and 85 to £ . yel d ^, t0 ph otoionization of the 
ltitudes, ion production is a *®° ox } de (K0 ) by qua si-monochromatic solar 
yman-alpha^thai'radiation^ so that the equilibrium formula for the electron 
ensity , H, in this case takes the simple form 
-1 


2 

N - a 


e ff x w a— 

... U the effective t.w.hiutio. °>WfUMt. n •» ,°„ 

SL.fK ee. ~“*r, “fs 1. £»“«.! w£ «« ■« 

i the extraterrestrial La photo flux, 

Ltitude in question. 

Absorption of La in the Earth's atmosphere 18 ^rtually ?*"“ d ho £ oophcre 

- — - » 


«1 "NO €XP( " T) * 


( 1 ) 


( 2 ) 


p aec x» 


ere x is the zenith angle of the 1D “^“t determined by the relative 

nd, the effective recombination coefl Eici + + d re8ente d below by the sub- 

m position of positive from noleculaMhC ^' P #te<f rcprC sented by the 
Sf.lS’eft the*rccombiMtion'"coeff icients of which being remarkably 
.fferent in magnitude, 


a c ff ' mi — 

th, .» it#* t. ». 

“ I*;. 

nsequently, a cf{ (after *3* r , turc variations (DANILOV and SIMONOV, 1982; 

f^ e i?ir»«yri55r. rs^rr^a^ tsz ' es "' 

i - ---- “** - 


£ ( (N ml /1,)a mL + 
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Figure 1. Upper part: Ratio (per cent) of clustered 

ions to total electron density near 80 km in mid- 
latitude winter, for different temperatures. - 
Lower part: Temperature dependence of effective 

recombination coefficient, a uff , derived from the 
curves shown above. 


• . Finally, according to eq. (1), the electron density depends on the ritric 

Card trana^“f° n * / level, n, ;o is oainly'controlled by 5o^- 

. r ° neutral HO (or N) from the thermosphere, partly by eddy 
diffusion but probably even more efficiently by a balk tr^sport with the 

neural NO^ecuLs 1 l a-" d C “ c “! ation - the Photochemical lifetime of 

neutral NO molecules at medium and high latitudes is of the order of one day or 


The only ■ non-meteoro logical * factor in eq. (1) is the La irradiation 

(1981 n* 11 bG eithcr ^ ken from dir ect satellite measurements (e.g., HINTERECCER 
(1981)), or parameterized as a function of solar activity parameters (c * 

turna'out J ^h (1977) ’ 80SSY 8nd NIC ?hET (1981), LEAN and SKUMANICH (1983))!' It 
• 0vev ^ r i that at least in the mid-latitude winter variability of D 

neteoroln!^ r d ^ 0ltle8 ’/ thC La contro1 is by overahadoved by the 
meteorological influences (TAUBENHEIM, 1983). 7 

.o 83 , S ap0rs 0t . the 8 y n P° sium (COSSART and PAKHOMOV, 1983; LAUTER 
1983) a ground-based measuring technique of low-frequency radio reflection 

if the nwf? Wil \ ba P-ocnted which is capable for a^a^-da ^n toring 
of the altitude at which a pre-sclectcd fixed value of electron density N 
IS attained. This technique is in use since many years continuously at ^ 
refle^io h n: ^ **?** le given in Fi S ure 2 8 h°vs how well these l.{. 

surface thus inSL f W a* Y ariations of the he£ 8 b£ ° £ the 0.01 mbar isobaric 
of the : ^ S g a donlnant Pressure control through the optical depth 

deifv eh radiation. Further, from these measurements we can easily derived 

(H84)) 3hi h r d 8tlC ;h f ■ fc ln r c * 8 ° (s P ccifiad it. more detail in UUm et al. 
80 kn height. It^deviationa °n to r day va riationa of the state of ionization at 

corr ^ ^ ^ 1 ^ ° ar ^^'^“^^i^terpreted 6 ^ 0 !^™^ 6 ©^ l the C 

*" d m •* »° >» •»*» 
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In this formula, the dominant role of 
modified to a lesser degree by a n , 
temperature) control. N0 


pressure variations is obvious, however 
(i.e., circulation) and an a (i.e., 
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Figure 2. Heights of the 0.01 mbar surface at a grid- 
point 60°N, 10*E taken from LABITZKE et al. (1978), 
compared with LF radio wave reflection heights ob- 
served at Kuehlungsborn, in winter 1975/76. 


. . f*E ures 3 and 4 illustrate the analysis of meteorological control in 

individual winter data series of this type. The variations of a 'relative 
electron density index' at 80 km, defined by 1 + 0.8 xU $ are presented for the 
late winter periods of 1980/81 (Figure 3) and 1981/82 (Figure 4). The step 
curveB chow the march of the 5-day (pentade) mean values of the observed data of 
Kuehlungsborn, where in both cases the second pentade of December was adopted as 
the reference level (Af * 0). The dashed curve gives the long-term average (25 
years) of these observed data. They are characterized by the midwinter 
ionization at 80 km being generally higher than in spring (and summer), thus 
representing the well-known 'average winter anomaly' of the D region. From both 
lagrams it can be noted (as well as from other years, not shown here) that 
major stratospheric warmings lead to a sudden decrease ('breakdown') of winter- 
anomalous electron densities near 80 kn (LAUTER and ENTZIAH, 1982). Further 
Figure 3 shows evidence that the extremely cold stratospheric temperatures in 
December 1980/January 1981 (cf . LABITZKE and GORETZKI, 1982) were associated 
1982) &n eXCeptl0nal enhancement of D region ionization (LAUTER and EHTZIAN, 



Figure 3. Electron dencity variations near 80 km in 
winter 1980/81, derived from ground-based radio 
observations (curves), and from model calculations 
(crosses, circles) as described in the text* 
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Figure 4. Sane as Figure 3 but for winter 1981/82, 


An approach to the interpretation of these ground-based radio data is 
represented by the crosses and open circles in Figures 3 and 4, which are values 
calculated by means of eq. (4), making use of rocket data of pressure and 
temperature measured near 80 km altitude over Volgograd (published in CAO 
BULLETIN), at a latitude comparable to those of the radio paths observed at 
Kuchlungsborn, The crosses are the first-order approximation by taking into 
account the pressure variation only (first right-hand term of eq. (4)), the open 
circles are the second-order approximation computed with both the pressure 
variation and the temperature-induced variation (as in Figure 1). 

The agreement of the crocsea and circles with the Btep curves in Figures 3 
and 4 is only partly satisfactory. Obviously, the general seasonal variation 
between December and March can be well understood in terms of the pressure and 
temperature variations. Also, the sudden increase of ionization in the second 
half of December 1980, as well as the ‘breakdown* with the stratwarm event in 
late January 1982 are clearly explainable by the combined effect of pressure and 
temperature near 80 km. The duration of the ionization excess in January 1981, 
and its sudden breakdown in the last pentade of January, however, are not well 
reproduced by the Volgograd rocket data of pressure and temperature. This may 
partly be due to the fact that Volgograd is not near enough to the Kuchlungsborn 
observation paths to expect a good point-to-point correlation. On the other 
hand, however, there is no doubt that sudden changes of neutral NO content, for 
which no data are available, will al6o sensibly influence the D region ioniza- 
tion through the second term of equation (4). A plausible scenario (TAUBDIHEIM, 
1983) predicts that variations of pressure, temperature, and NO advection rear 
80 km are jointly controlled by the circumpolar vortex of the 6trato-mesospheric 
circulation system in tna*- way, that with intensification of cyclonic vortex 
motion the mesospheric pressure is enhanced lowered, temperature enhanced, and 
downward NO transport i3 strengthened, which altogether act ‘cooperatively* in 
enhancing the D region electron density (cf. eq. (4)), and vice versa. 

Therefore we may conclude that D region electron density variations, which 
can be readily monitored by ground-based techniques, can provide an efficient 
diagnostic tool for the detection of perturbations of the circulation state of 
the middle atmosphere. 

The author is indebted to Prof. E. A. Lauter and to Dr. G. v. Cossart for 
providing the results of phase-height measurements at Kuehlungsborn. 
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VARIATION OF DERIVED HESOSPHFRIC NITRIC OXIDE IN RELATION 
TO WIND AND TEMPERA Tl'RF. IN WINTER 

It. Friedrich 

Department of Comnvsii cat ions and Wave Propagation 
Technical University Graz 
Inffcldgastc 12, A-80IG Graz, Austria 

K. H. Torkar 

Space Research Institute of the Austrian Academy of Sciences 
c/o Technical University Craz 
Austria 


As a good approximation changes of the NO-density are solely responsible 
for changes of the non-auroral D-region. Under the assumption that other ion 
production processes arc either known or negligible, one can hence derive (NO) 
from electron densities using a suitable effective electron loss rate* In the 
Winter Anonaly Campaign 1975/76 nineteen rocket payloads earned electron den- 
sity measurements on fifteen days. On two of these dayo (NO) was measured 
in-situ by photometers. For these days ore can establish the production not due 
to Lynan-a and NO. This rest production can then be applied to all (NO) 
derivations based on electron density measurements . 

In addition, in this campaign winds and tmperatures were measured from the 
ground to approximately the base of the thermosphere. The derived field of NO 
densities between December 1975 and February 1976 from 70 to 100 kn is compared 
to corresponding fields of winds (zonal and meridional), temperatures, pressure 
and Richardson numbers. The derivation of the latter is dependent on a number 
of assumptions and should stimulate discussion rather than being a result 
per-ec , 

INTRODUCTION 

D-region electron densities arc almost exclusively the reason for radio 
wave absorption. In order to explain the large excursions of absorption in 
winter ('winter anomaly'), the following cause-and-e£ feet scheme may help to 
identify or reject various causes (Figure 1). 

♦ Absorption at the frequencies and altitudes in question (>1 KHz, 70 to 10C 
km) is proportional to electron density and collision frequency v (because 
f >> v^) . The collision frequency is — according to laboratory measurements — 
to a very good approximation proportional to neutral pressure. The latter is 
fairly well known from empirical models (better than ♦ 1 0Z ) and the 
proportionality factor varies only slightly with temperature ( ♦ 52 between 200 
and 300 K, ACCARWAL and SETTY, 1980). Hence variations of the collision 
frequency can only contribute to the regular, seasonal behaviour of absorption, 
but not to the day-to-day variations by factors of two or more. 

It is therefore the electron density N t , which nuct undergo large 
variations. For steady state (appr. at noon) N t , is balanced by the square root 
of the ion-pair production q divided by the effective electrons loss rate v. 

The latter is an inverse function of temperature; however, even the large 
variations observed in winter ( 'warmings') can — according to model calcula- 
tions — only account for changes of w by as much as perhaps *50t. The con- 
centration of atomic oxygen has great influence on the nature of the positive 
ions (molecular or cluster) which have widely different recombination rates; 0 
also drastically alters the relative distribution between electrons and negative 
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Figure 1. 
dio wave 
1975/76 


Sinplif ied cause-and-ef feet scheme for variation, of ionospheric r.' 
absorption. Parmeter. cea.ured in the Winter Anomaly Campaign 
are underscored by full, derived quantities by broken lines. 


ions, nonetheless, the concentration of 0 has its main influence at heights 
80 to which contribute only little (ca. 301) to the tot.r.diovave 
absorption. Furthermore, the variation of [Ol is, even ” 

models and nea.ura.enta, reasonably predictable (viihvn a factor of 2. cf. e.R. 
TO0HAS and BOWMAN, 1972; DICXIKSON et al., I960; SOLOMON ct al., 1982). 

The ion-pair production rate q is a function of the relevant fluxes and the 

overhead absorbing air column. The latter is — Ihe^cvet theraosphere 

frequencies — rather well known from pressure models of the lover ^erao p 
and certainly doe. not change sufficiently to explain the observed in 

H Also the main daytime ionising fluxes vary, even over a sunspot eye . 

HARCREAVES , 1973; TORKAR ct al., 1960). 

In the daytime D-region the dominant process is the ionisation °[ 

if iS'i™ .... « <• <«>*“;“• "V* “rr,':ss» .. 

NO. Nitric oxide in the D-region (mesosphere to l " er ‘ h *" 0 * p £*?* t Y“! 

- according to model computations - in the E-region due to a var ety of 
processes including ionisation by solar X-rays or charged Particles. 
Subsequently transported downward, by eddy diffusion or vertical wind, and 
destroyed by photo-dissociation during transport. Hence. IhO) is the E regie 
is larger during solar caxinisn (or PCA), vherea* itc concentration in the D- 
region follows the production not directly, because of the likewise increased 
photo-diaaociation at tine* of high *olar activity. 





e 


Th* tiain candidates for winter anomalous absorption are therefore local 
variations of (NQj ty either horizontal winds (transport froo areas of higher 
concentration#, such as the polar regions), or a variation of the vertical 
transport efficiency, i.c. the eddy diffusion coefficient. In the following the 
emphasis is therefore on derived l NO J as a function of temperature and 
horizontal wind. 

DERIVATION OF NITRIC OXIDE 

The Vinter Anomaly Campaign 1975/76, conducted at the Spanish rocket range 
El Arenosil lo , was aided at identifying the causes of enhanced radio wave 
absorption in winter. More than eleven institutes participated with various 
neasurraents aboard rockets, balloons and satellites, as well as ground based. 
For a description of the campaign and its original axes and the launch strategy 
see OFFER MANN ( 1 9 77a) and (1979). Parnraeters of the schematic in Figure 1 which 
were measured or derived are underscored by full and broken linn, respectively. 

On two days of that campaign ("salvo days") [NO] was ceasured by a 
dedicated instrument, a Y-band photocetcr, between 50 and 110 kn (EERAN and 
DANCERT, 1979). However, on another twelve days between December 17, 1975, and 
February 8, 1976, electron densities were oeaaurcd (FRIEDRICH et al. , 1979). 

Figure 2 shows the time and altitude coverage of the measurements of 
electron densities and neutral temperatures. 



Figure 2. Height coverage of the electron density and temperature measure- 
cents during the Vinter Anomaly Campaign. Days of missing radiance data 
of the satellite Nimbus-6 are also indicated. 



TAUBQ1HEIM (1977) demonstrated a method of deducing (NO) from electron 
densities N c . For steady state the following relations hold: 

q « V H 2 (v » effective electron loss rate) 

e 

q • (NO]": ♦q (•' - ionisation cross section, • local 

Ly-j rest Lycitn-i flux, q rc<;l “ ion pair production not 
due to Lynan-iand NO) 


Hence the NO-density is: 


S - q 

l NO] - 

a ’Ly-i 


Apart fron the measured electron densities K^, the quantities y # 9 rcgt the 
local Lyman- i flux have to be known. 

The electron loss rate v could in principle be computed using an ion- 
chemical model (e.g. TORKsAR and FRIEDRICH , 1983); here, however, an mpiricai 
mean derived from many daytime rocket flights is used, i.e. when both q and N c 
were available. Figure 3 shows these empirical loss rates as a function of 
neutral density. The broken lines indicate the regions of the standard 
deviation (on a logarithmic scale). 



Figure 3. Collection of electron loss rates vs. neutral number density 
fron daytice rocket flights. Dashed lines indicate the range of the 
standard deviation. 


The ion production q rest is mainly due to solar X-rays at higher altitudes 
( >80 fcn) and galactic cosmic rays below 70 kn. On the two days when [NO] was 
measured one can deduce the rest production directly. For other days this q 
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\ * 


i* applied with a suitable correction for the slightly different solar zenith 
angles* 


The absorption of tolar Lyman-, i is conputed using standard atmospheric 
models (COLE and KANTOR, 1978 and MSIS i.c., UEDIN et al., 1979). One can thus 
derive (NO) not only on the two salvo days, but for a total of fourteen days in 
the period of the Winter Anomaly Campaign. 


Every day the signal strength of a transmitter at Aronjuez on 2.83 KHz was 
measured. Two receiver sites were in operation: one at the rocket range "El 

Arcnosillo*' and the other at Ealcrma. The paths* mid-points were some 250 km 
from the rocket trajectories. The absorption was available as Lq (extrapolated 
subsolar value it x * 0*) and the exponent n of the empirical relation L ■ L 0 
(cos <) • In the further treatment the two ab»orj>tJ.on data sets which proved 

to be very similar were averaged, i.e. L - A .xl"" and n - (n n )/2. 

on ol o2 rn 12 

The derivation of a statistical relationship between (NO] and A3 absorption 
requires reasonable parameterization of the NO-density. In a first order 
approximation l KO ] * "«• L*- if changes of the ray geometry and production 

rates other than by Lyuan-i are neglected. An altitude profile of (NO) which 
is not too far from current model calculations cay consist of a region with 
constant mixing ratio below approx, the mesopnuse and of an exponential increase 
above that height. The latter assumption is only valid well below the known 
maximum of NO in the lower thermosphere. 


I NO] on a particular day was approximated by 

- a ♦ a exp(a h) 

P 12 3 

p total atmospheric density 


where the coefficients a; are at the same time 
absorption for a zenith angle of 75* which 
electron density measurements and the exponent 

*1 ’ b U +b l2 L 75 2+b 1 J n ra 


functions of a normalised 
is about the mean throughout the 
in the form: 


with 


* 7 5 


L(t> ( 


cos 7 5% 
cos* (O' 


n 

n 


L 75 is thus the absorption measured at the time of the rocket flights, 
corrected for the solar zenith angle dependence which hac been derived on that 
particular day. 

In a multiple regression analysis the nine parameters b,. are found which 
determine (NO] as a function of height, L 7 r )f and n m . One can now, although 
solely based on statistics, compute NO-profilcs for every day from absorption 
data. Figure 4 shows the variation of (NO] thus derived between 70 and 100 km 
and Dec, 17, 1975, and Feb. 8, 1976. The profiles are net unique, are, however, 
plausible and possible. The latter was tested by inserting the (NO) into an 
ion-chenicel scheme (T0RKAR and FRIEDRICH, 1983) to compute electron densities 
for various solar zenith angles. The diurnal variation of simulated absorption 

agreed reasonably well with the one actually measured (L , n) on the particular 
dayo, ° 

RELATION TO OTHER, RELEVANT 1EASUREMQITS 

A scenario ouch as shown in Figure 1 had been anticipated long before the 
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Figure 4. Variation of (NO) deduced from absorption measurements during 
the Winter Anomaly Campaign. 


Winter Anomaly Campaign (e.g. ZIMMERMAN and NARCISI, 1970). The choice of the 
instruments for the campaign was therefore cither to be able to rule out certain 
explanations of enhanced absorption, ouch as charged particles, changes in the 
Lyman-a and X-ray fluxes, or to support certain concepts such as enhanced [NO] 
and its transport (wind measurements ) . Of relevance to the concept that N0- 
transport is the dominant cause for winter anomaly, are the measurements of 
winds, temperature and pressure. 

From the balloon and rocket-borne temperature measurements (cf. Figure 2) 
one can — with a little interpolation — establish a temperature field up to 70 
km. In addition, there are radiance data available from the FKR (« Pressure 
Modulator Radiometer) aboard the satellite Nimbus-6. The weighting function 
peaks somewhere just below 80 km and has a width of about 20 km. Temperatures 
above 70 km were deduced by inserting the terr.pcrat.ureo below that height (from 
the rocket and balloon datu) into the weighting function; the temperatures from 
an atmospheric model (C0LF and KAN TOR , 1978) were modified until agreement 
between the radiances modelled and observed by the satellite instrument was 
achieved. The departures from the reference were forced to return at greater 
height (>90 km) since the radiance data are no longer relevant for these 
heights. The resulting temperature field is depicted in Figure 5 from the 
ground to 110 km. With the temperatures of that figure and the ground pressure, 
altitudes of constant pressure were established using the hydrostatic equation. 
Figure 6 shows these levels, crosses indicate the corresponding altitudes of the 
10 pa values on World Meteorological Days as derived by LABITZKE et al. (1979). 
Figure 7 shows the zonal and meridional windc which were measured between 1500 
and 1800 LT by the same rockets as indicated in Figure 2 (after REES ct al., 
1979). 

Many authors hxive sought connections between radio wave absorption and 
temperature (B0SSAIASC0 and ELENA, 1963; OFFERMANN, 1977o) or with winds (e.g. 
PIEMINCER et al., 1974). None of these attempts was particularly convincing, 
not even if a multiple correlation was applied (REES et al., 1979). Similarly, 
the present data show no striking .^nnection to derived (NO] (absorption), 
except perhaps increased NO-densities following the temperatures around 80 km 
with a delay of a few dayo. One could similarly try to associate winter unotualy 
to southward windo (early Jan, 1976), although after the time of winter 
anomalous absorption (Februxiry) winds are also directed southward. The relation 
to the zonal winds is even less conclusive. 
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Figure 5, Temperatures during the Winter Anomaly Campaign. 


From the observations, but also from theoretical considerations, it appears 
unrealistic to expect a correlation to the wind velocities, their directions, or 
temperatures, i.e. NO transport from the dark polar region and the temperature 
control of the electron loss rate contribute only negligibly to the observed 
variations of absorption. Neither the ionising fluxes, nor the electron loss 
rates showed significant variations, hence the winter anomaly observed in that 
campaign must have been of the truly meteorological type ( ,r N0~ anomaly '*) • Since 
there was no evidence for horizontal transport, downward eddy transport is 
expected to have been the main cause of the absorption anomaly. 

A measure of turbulence, which in turn gives rise to eddy transport, is the 
Richardson number. 


R „ a (dT/dh) + r 

* * (dv /dh)^ + (dv /db)*" 

z rn 

g acceleration due to gravity 
T temperature j 

T adiabatic lapse rate (9.8 K km ) 
h height 

v 2 zonal wind component 
v m meridional wind component 

RjL below 0.25 initiate turbulence, whereas below 1 maintains it. In Figure 8 
areas are indicated where is below 1 and 20. These values do not indicate 
turbulent regions, but suggest that turbulence is likely to have occurred at 
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Figure 6. Heights of constant pressures built up from the temperatures in 
Figure 5. Crosses mark the corresponding heights from the analysis by 
LAB1TZKE et al. (1979). Straight lines represent the reference atmosphere* 


other times of the day (outside 1500 to 1800 LT). Unfortunately, again no 
clear-cut relation can be seen, but one has to bear in mind that the wind data 
are restricted to 95 km, whereas transport from above that height is probably 
more relevant for the D-region KO-dcnsities. 

CONCLUSIONS 

The daily derivation of NO-densities as demonstrated here is an indirect 
method, however, backed by two direct measurements and tested by simulating the 
diurnal variation of absorption. No unique connection to temperature, wind or 
Richardson number could be found, but perhaps sophisticated atmospheric theories 
can explain the occurrence of large NO-densities from this unique eet of iono- 
spheric/atmospheric data. 
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The concept of so-called meteorological control of the ionospheric D-rrgion 
is presently undergoing development (see, e.g., TAUBENHEIH, 1983; DANILOV and 
TAUBDiHEIH, 1983). According to this concept the electron concentration in this 
region is governed not only by solar and geomagnetic parameters (W, v, Ap. 
etc.) but strongly depends on the temperature and dynamical regime of the meso- 
sphere and stratosphere. The aim of this paper is to consider how the above 
connection between D-region and meteorological parameters can be used to obtain 
some information about middle atmosphere temperature and dynamics. For this 
purpose it is worthwhile summarizing briefly the essential points of the 
meteorological control concept. 


The best illustration of the meteorological control presents the well-known 
phenomenon of Winter Anomaly in radio wave absorption (WA). There are two 
components of the WA. Average absorption, L, in the SW-band in winter is higher 
than that in summer ("normal" WA component). On some winter days ("anomalous" 
days of WA) L is much higher than on previous and following days. Since the 
increase of L is due to the enhancement of electron concentration, le], at 
altitudes 75-85 km (FRIEDRICH et al., 1979; OFFERMANN, 1979), WA provides a 
good example of le] variations in the D region, which are not directly connected 
with any changes m solar zenith angle X, solar or geomagnetic activity. 


itty^mcvava ?io^ a \ ba ? k ° f r0< * et ® ea *ureaent6, compiled by DANILOV end 
LLDOMSKAYA U983a), it was pointed out by DANILOV et al. (1982), that there is 

one more difference in [e] behavior in the upper D region between summer and 
winter. If ve look to the electron concentration at fixed altitude in summer 
there is nearly no day-to-day scattering of the data and the variation with x 
is well pronounced. In winter, however, even for undisturbed days (non-anomaly 
days) there is strong day-to-day scattering of le]. This is illustrated in 
Figure 1, where rocket data for 80 kn height taken from the above-mentioned data 
bank, only for quiet geomagnetic conditions (Kp<4) and middle geomagnetic 
latitudes, arc presented. 


To explain the effects of the meteorological control mentioned above one 
should examine possible mechanisms of neutral atmosphere influence on the 
electron concentration.^ The principal approach to the problem is rather simple. 
The electron concentration in the upper D region is governed by the photo- 
chemical equilibrium equation. 


[e] 2 a 


eff 


( 1 ) 


where q is the ionization rate and a cff the effective recombination 
coefficient. Thus changes in [e] can be due to variations of either q, or a 
or both. To reveal the mechanisms of meteorological control it is necessary °to 
look for the dependence of q and a ff on the meteorological situation in the 
s tr a to-meeo sphere. 

It is widely known (KITRA and ROWE. 1972; K1TRA, 1974; DANILOV, 1975) that 
the effective recombination coefficient dependa on the pooitive ion composition: 
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Figure 1. Electron concentration versus solar zenith 
\ angle X at 80 km (DANILOV et al«, 1982) for quiet 

• -- - conditions (Kp < 4) and middle geomagnetic lati- 

i tudes (A » 30-52°). 


eff 


o*(NO + f 0 2 + ) + f + u*(clust + ) 
1 + f + 


( 2 ) 


f + + being an ion composition parameter, f + *= [clust + ]/ [NO + + 0 2 + l » and &*(N0 , 

0 + ), a*(clust + ) the dissociative recombination coefficients for normal and 
clustered positive ions, respectively. Though the constants a* themselves 
depend on neutral temperature as T” n , with n “ 0,5 Jo 1, the major effect on 
the meteorological control through is due to f variations. 

It was shown by DANILOV and SIMONOV (1981, 1982), that f + has a well 
pronounced seasonal variation: at fixed altitude f + is higher in summer than 
in winter, and that this change of f + accounts for a variation of the effective 
recombination coefficient, the latter being under quiet conditions in summer 
1.5 to 2 times higher than in winter. This seasonal effect in « e ff explains 
the existence of the normal component of the WA (average ( e ] in quiet conditions 
being about a factor of 1.5 higher in winter than in summer). 

The reason of f^seasonal variation is in the strong temperature dependence 
of the formation rate of clustered ions (DANILOV and TAUBENHEIM, 1983; 

SMIRNOVA et al., 1983). Reactions, leading to cluster ions, first of all the 
reaction 


N0 + ♦ N„ + ♦ KO + . (1 + N, 

2 2 2 2 


rr\ 


(3) 
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have an inverse temperature dependence whereas nest of the -verse reaction^ 

sr trssr: sssr- 

, pd KRANKOWSKY’s (1980) ion composition data and to calculation. 

“^.r =-.£ s a ai ~ 

of the type of B(HO+) « T’ 1 *. 



igure 2. Life-tine of NO + ions against clustering 
( t(KO + ) “ 1/B(N0 + )) versus neutral tmpera- 
ture. Points :data fron in situ ion composition, 
measurements (ARNOLD et al., 1980), solid curve, 
calculations, based on theoretical scheme c- ion 
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of cluster formation efficiency is a vital tact 
temperature control of the electron concentration. 

Recently, the annual variations of 

tion were calculated using a theoretical scheme tempera together 

(SMIRNOVA et al.. 1983). The - BuU ^ ar ^ s ^”^" n o g 1 |" e c omposUion. As it is 
'seen Ir^ Figure ^*£1 SK'.uS. s based on^IRA ^^1 well reproduce 
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high latitudes. 

The arrows in Figure 3 show variations of B if T is «^ged by - 2 ° ea j r t0 

the CIRA values. It is seen that -these ! —U^showThat these B variations both 
rather strong effects in B. Further ^timates show t h a t these _B ^ 

in summer and winter produce nearly equal changes of . because f+ » 1 

variations in f + virtually do not influence o ff (and so [e]) becaus 
so that a - a*(clust + ). In winter (when f* is of the order of 1) the 
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Thus, day-to-day variations of the electron concentration in winter r^entionod 
above can be accounted for in terns of day-to-day temperature variations in the 
ncsopausc region, which are quite able to reach 15-20*. An essential point 
should be stressed here. The difference in the ion composition between winter 
and summer conditions leads to quite a different reaction of [el to small varia- 
tions of the neutral temperature. So these variations would make nearly no 
effect in summer, but produce considerable day-to-day variations in winter. 
During WA events usually a temperature increase is observed which is responsible 
for the observed decrease of f + during WA (see below). 




Figure 3. Annual variation of the effectiveness B of 
clustered ion formation at 80 km (Smirnova et til., 
1983). Dots: values of B, calculated from simulta- 

neous data on electron concentration and ion composi- 
tion, Solid and dashed lines: annual variation of 

B at middle ('■e 40°) and high (^ 70*) latitudes, re- 
spectively, calculated with detailed model of clustered 
ions formation using the temperature from CIRA model. 
Arrows show the limits of B if *20* temperature devia- 
tions from CIRA values are used in the calculations. 


The role of the himidity variations on B values also has been considered 
by SMIRNOVA et al. (1983). The curves in Figure 3 are calculated for 
[1U0) - 10 ’[Ml. If the H 2 O mixing ratio is enhanced to 5 x lO*** 1 , the 
corresponding enhancement of B is higher in winter (about factor 4) and lower 
in summer (factor 1.5-2). 

Resuming, the above calculations show that the experimentally observed 
seasonal variations of the ion composition (which, as shown above, leads to the 
systematic suumer-to-vinter difference in the electron concentration) can be 
accounted for by seasonal changes of the mesospheric temperature. The 
reasonable assumption about the existence of day-to-day temperature variations 
of i20° explains the scatter of the [c] data in winter. During WA events the 
observed temperature enhancement can well account for the detected decrease of f + 
and thus contribute to the [ej increase. Atmospheric temperature it therefore 
an important parameter strongly influencing the upper D-region ioniration- 
recombination cycle through the channel: 

T -*■ B -► f + a -#• [e] L 
et 1 
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It is widely known that the principal ion production process in the upper 
D-region in absence of 6olar flares and corpuscular intrusion is photoiooisation 
of nitric oxide molecules by solar Lynan-<» emission. Since nitric oxide is not 
practically produced in the nidlatitude D-regiou, one may expect that the 
influence of the chemical processes and the temperature on its concentration 
should be rather weak. But [NO] should be very sensitive to changes in stralo- 
mesospheric dynamics because it is transport processes that govern the nitric 
oxide distribution in the D-region. The NO influence on the D-region behsvior 
is strongly confirmed by the fact that during VA events nitric oxide concen- 
tration at 70-90 km has been found to be much higher than during normal days 
(BERAN and BAHCERT, 1981). 

Calculations, based on rocket experiments in which (e) and the ion 
composition have been measured simultaneously (DANILOV et al. t 1982), also 
show that in order to account for strong increase of [e] during WA events one 
has to assume (in addition to the decrease of due to decrease of f ) an 

increase of ( NO } up to a factor of 10. The same estimates, on the other hand, 
•how no pronounced difference between average q values for quiet summer and 
winter days, which means, that for quiet conditions there ia no regular seasonal 
difference in ( NO ] • 

The increase of nitric oxide concentration on 6one winter days giving rise 
to VA events is the strongest known manifestation of meteorological influence on 
the D region. Knowing the mechanisms of the influence, vc would be able to get 
information about the dynamics of the mesosphere and lower thermosphere from D- 
region observations. 

There are two main processes which are able to supply HO to the mid- 
latitude D-region: downward transport from the C region due to eddy diffusion 

and mean notion, and equatorward transport of NO ooleculcB from the high 
latitude D-region, where those molecules are formed because of corpuscular 
intrusion. Estimates show (LAUTER et al«, 1976; DANILOV and LEDOMSKAYA, 1982), 
however, that in order to get a sufficient effect on midlatitude l KO J through 
the second process one has to have rather strong latitudinal gradient of (NO) of 
about a factor 10 between mid- and high latitudes, which does not agree with 
satellite observations. Nevertheless, some correlation between [cl in the D- 
region and equatorward horizontal circulation has been found (CELLER et al., 

1976; HESS and GELLER, 1978). 

Thus, the main source of HO in the nidlatitude D-region is downward trans- 
port from the E-region, where HO molecules ore produced in the ion reactions. 
Concentrations of nitric oxide at 70-90 km depend strongly on the value and the 
vertical profile of the eddy diffusion coefficient, K^. Figure A shows (NO) 
distributions calculated by DANILOV and LEDOMSKAYA (1983b) with various 
assumptions about the K t profile. It is seen from Figure A that by varying K t 
in reasonable limits of 1 0 ^-2x10 ^cn-s-l one can get any nitric oxide values in 
the interval 10*M0 ^cn“^, which means that one can account for any 
experimentally observed NO variations including increase of l NO J by a factor 3-5 
in WA conditions. Not accounted for arc only very high [NO] values of the order 
of 10^-10 y cm~^ reported by some authors during strong VA events. To explain 
these values in terms of increased eddy diffusion one has to assume very high K t 
values above 2xl07cra-a~i which seem to be unrealistic. Further estimates show 
that enhanced mean motions are effective in transporting [NO] molecules down- 
ward to the D-region, when turbulence is weak (K^ low), but cannot provide 
essential input to HO downward flux when K ^ is high. 

Therefore, turbulence provides the major dynamical mechanisms of 
meteorological control, influencing nitric oxide distribution, thereby changing 
the ion production rate q. Thus the eddy diffusion coefficient K t night be in 
principle considered as one of the "governing” meteorological parameters for 
the D-region. 


UM V ^ * * 



** V " l 



21 





LEMMSiayA! , 1 198 I) ed u "!n“ C °!‘ i<)c P rofi lf» (DANILOV and 
(or eddy &}?.& ”"ZL'. “V TV 1 “» 


for eddy diffusion eocf f icienH V ' r" ind v " tic “ Profile. 

« F :V * « 5 - 
- °- 5 “ ■■'• 

o\ 1.2 x 10 , 


otant value of Q. 5 cra s , respectively Cu 
vith max^uj « { 90 kn and K (80 kn) Jj x ,“ 0 

constant value of "!£*?* v* ^ calcul *tio n .'a 

the mean downward notion. ** acccptcd f° r the velocity of 


atmosphere, its nature, sources (e e thC t " rbu ! ( “ nce regime in the middle 
characteristic scales, seasonal vari^on^ dl6sl P ation . ">nd shears), 
information can be found from cass-sooctro e . tC ” ** rathcr sc arce. Valuable 
level h (DANILOV e t al.. 1979 , 9B ^ ct [ oncter . n<,a *orcnents of the turbopause 

supposed ,o be invcr.elyVX’tloLl to K Pa "‘r Iar “ VaE . f ° und tba ‘ >' • 
he neutral temperature at 120 kn (DANILOl^'ee i '"mai 6 WUtl the lncr eJse of 
obtained for high latitude r_eas urVcnts ha . al ”, 1979 ) - result initially 

latitude flights. It has been interpret’.. I h b ° Cn cor - [iru <'d for nid- 

conf imation of the theoretical statmenr rh . (1981) as 

pause should be inversely p oport o^ to he r ^ ° f *1 " 8ar ‘urbo- 
necopause and the turbopause: temperature gradient between the 

k . • ... 

icvel during WA days are 20-50 K hilhnrtJ V ? era P«f?ture» at the mesopause 
1979; OFFERMANH et al. , 1979), but there iTm/in^ <?uict da y* 0FFERMANN, 

heights, sometimes even some decrease is d grease of T at turbop.iuRe 
dT/dh at 80-120 kn is nuch lover tb detected. That means that on WA days 

higher K values and consequently for hiehe^KOl' ’ * hlch Can account for 
ceptxon is schematically iUustrate"in Fig^r! 5 . “ ^ D " rCfii ° n - Thi * 

lhi* t increa S se°i, t tbe C ‘ ,USe8 °r the above Crease of 
turbulence as described above or both r h reason for the enhancement of 

t^nt' 3 ^ initial rource. ThU question and variation » “re due to 

temptation to connect both facts with d? 1 °? Cn * but there is “ “trong 
upper mesosphere. Unfortunately we still knou 1 ^ 10 ?- ° f , tt>C wavo ener «y in the 
° wave propagation through the middle ntnoonher"* * ttle about the mechanisms 
energy dissipation etc., so at the l en P " thc co " d ition. of it. 

v«ves - internal gravity, or planetary wLel 18 dlf P cult e v« to identify these 

,,M = ”«■> Sh X*. 


E) 


—Aw- 




/ 


22 


T,« 



,o«* 


Figure 5. Schematic representation of the processes of NO transport on 
normal and WA days* 


waves through the stratosphere is possible only during periods of vest-to-east 
tonal circulation, which take place only in winter. If that is so and if 
dissipation of the planetary waves causes the above effects in T and K , then 
ve have at least an explanation why the Winter Anomaly is observed during winter 
only. 

Thus, all the above can be reformulated in terms of our initial task to get 
information about the middle atmosphere from O-rcgion observations. The regular 
seasonal variations of electron concentration in the upper D-region give a good 
indication on the naplitude of si-cccr-to-wintcr variation of neutral 
temperature. More detailed information, including water vapor concentration, 
can be obtained if both (cl and ion composition are measured together. Day-to- 
day variations in (el (or L as the more widely available paraactcr) nay provide 
information about day-to-day changes in T. Days of anomalous winter absorption 
show that there is an increase of temperature at mesop&uec heights and an 
intensification of turbulence at 80-120 km. as well as an increase of nitric 
oxide concentration in the mesosphere, and presumably an enhancement of wave 
processes. At the modem stage of our D-region studies the above relations con 
be used to get more information about the character of temperature variations 
and the nature and variations of the turbulence and wave processes. 
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ABSTRACT 

Radio wave absorption data covering almost two years from Europe to Central 
Asia are presented. They are normalised by relating then to a reference 
absorption. Every day these normalised data are fitted to a mathematical 
function of geographical location in order to obtain a daily synopsis of radio 
wave absorption. A film of these absorption charts was made which is intended 
to reveal movements of absorption or absorption anomaly. In addition, radiance 
(temperature) data from the lower D-region are also plotted onto these charts. 

No conclusions are drawn; the new procedure to evaluate absorption data is — at 
the present stage of processing — - merely intended to stimulate discussion and 
interest , 

INTRODUCTION 

Radio wave absorption in the 11F range occurs predominantly in the iono- 
sphere's D-region, i.e. at heights where absorption L is proportional to both 
electron density and collision frequency v. Since v is very well predictable 
via atmospheric pressure (cf, c.g. FRIEDRICH and TORKAR, 1983) it is the 
electron density N 0 which determines the day-to-day variations of L. At high 
latitudes all changes of N c are attributable to variations of the ionising 
fluxes i.e. of charged particles; at low or middle latitudes, however, the 
fluxes responsible for the formation of the daytime D-region (solar Lyman-a , 
X-rays, etc.) do not vary drastically, not even in the course of a sunspot 
cycle. The observed day-to-day variations in (mid-latitude) radio wave 
absorption by factors of 2 to 3, notably in winter (winter anomaly), are there- 
fore generally attributed to changes in the concentration of nitric oxide (NO), 
the only component of the middle atmosphere (mesosphere) which can be ionised by 
the relatively strong solar H Lyman-a line. The following analysis is plausible 
if one assumes that changes in the NO-concentration are the principal cause for 
changes of absorption. 

DATA BASE AND NORMALISATION 

There have been numerous attempts to study the morphology of winter 
anomalous absorption (e.g. BEYL ON and WILLIAMS, 1976), in recent tine* notably 
by SATO (1981) who used f ra in dat.: from stations in Europe, the USSR and North 
America. The aim was to find a connection to geomagnetic activity, but the 
analysis is severely Jumpered by the relatively coarse classification of f ra ^ n . 

In the present treatment we use absorption, i.e. loss of signal strength 
relative to absorption-free reflection. Both the methods Al (vertical 
incidence) and A3 (oblique incidence, i.e. reception of a distant transmitter) 
are used. Table 1 gives the acronyms of the various data sets, path lengths. 
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AA and AB which use the same tranamitter but different receiver, (distance o 
e path mid-points ca. 120 km). Hence the observed ra;.id variations must b, 
considered to be of ionospheric origin and not — as one might be tempted to 
believe poorly maintained equipment or local interference, 

(d«i1v U inJ° r . <li » f j rC 5! t POt ^ le ° 8ths ' fluencies and the type of measurement 

seti ^hou nfe!.»r a i ?ri°“ b r,oon «e.) the various dat, 

sets show necessarily different seasonal trends and variabilities. Hence th< 

observed absorptions at various locations cay be covered up by the above 

vhieh°in i f? PC f cd effects. Therefore a procedure was sought by 

which in a first approximation these differences can be eliminated. 

Consequently a reference absorption for each data set and each month was cal- 
culated. For this purpose electron densities were computed for the 
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not used in the further analysis, possibly ground wave propagation 
not used in the further analysis 

monitors the 31 and 49 m broadcast band* appr, linearly related to Ror>e-Athens on 6.080 MHz ) 

( I LIAS and GUPTA, 1979) 

except March 22 to June 30, 1976* cos/ • 0.2 
except December 1975 to February 1976* Lq 
applies to Romo-Athens 


frequencies and (path mid*point) coordinates. Subject to the availability of 
the raw data, daily integrated absorption (L n , cf. ROSE and WIDDEL, 1977), was 
used, otherwise values at noon or some constant solar zenith angle were 
employed. Figure 1 shows the daily values of all stations from October 1974 to 
June 1976. 

The lowest curve is the sunspot number, whereas the uppermost curve 
represents the average daily rionetcr absorption at Narscarssuaq (Greenland). 

The latter is included as a measure of particle influx into the auroral zone, 
since a connection of charged particle fluxes and mid-lati tude absorption has 
often been sought (e.g. KAEHLUH, 1967; TORKAR et al., I960 ) . However, only the 
northernmost data (JR) of February and October 1975 possibly show seme direct 
influence of particles. On the other hand, even the relatively large sunspot 
numbers in August 1975 do not show up as enhanced absorption in any of the data. 
In most data one can clearly observe the larger absorption in winter, however, 
all show a larger variability in winter. Of special interest are the data sets 
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corresponding conditions of each station (noon, cosx " 0*2 or at four typical 
solar zenith angles x with equal time-spacing for L D ) using the ion-chemical 
model for low solar activity described elsewhere in detail (TORKAR and FRIEDRICH 
198?)* In this steady-state computation the neutral atmosphere, including the 
minor species, is taken from other published models, in particular [NO] from 
RUCCH et al. (1981)* Absorption was then computed by a WKB ray-tracing calcul- 
ation over a spherical Earth* The full SEN and WYLLER (1960) magnetoionic 
formulae were employed, the magnetic field taken from CAIN et al. (1967) and the 
collision frequency set proportional to pressure from the AFCL seasonal 
atmospheric model (COLE and KAN TOR, 1978). The proportionality factor of 
6.7x10-* ra 4, a** 1 N“^ is the one recommended by FRIEDRICH and TORKAR (1983) based 
on a number of rocket measurtments of v. The reference absorption thus 
obtained is indicated in Figure 1 as smooth lines. Outside winter one can sec 
reasonably good agreement for the data KM, NL, CG, Tl. AA and AB. There is 
notably nn excess of the simulated absorption of UK. This nay be due to ground 
wave propagation at the fairly low frequency (1.178 KHz) of the path which is 
mainly over sea water. Another feature of the simulated absorption is, that at 
higher latitudes in Bummer the observed absorption ([NO]) is consistently higher 
than in the model (JR, KN, NL, DB, LP and also PS). 

For further evaluation the daily absorption values were divided by the 
corresponding reference absorption. This new quantity (absorption enhancement 
AE) removes the different sensitivity of the various measurements provided the 
geometry of the ray (penetration into the ionosphere) is the same. 

AE should, therefore, be proportional to an electron density ratio or the 
square of the ratio of ion production rates; if one assimes that NO and Lyman-a 
is the dominant production process of the absorbing D-region, AE is equal to 

C[K0]/[N0 ] ref ) l . 

Before combining all absorption measurements, normalized via AE in the 
above manner, it was tested to what extent the various data sets measure the 
sane physical phenomenon. Figure 2 shows relative contributions of the various 
layers of height h to the total absorption of some of the stations using the 
reference ionosphere (summer), where l r (h) is defined as: 


1 

r 


1Q0 1(h) . dB/km, -1 

JUh) dh " L ’ dB * 


One can see that the height regions contributing to absorption differ greatly 
from station to station. For want of core uniform data, all absorption measure- 
ments were nevertheless treated as if they represented the same height regions. 
Hence an absorption "drift" from c.g. JR to AS could just as well mean a down- 
ward motion of enhanced electron (or NO) density at both stations. 

CONSTRUCTION OF ABSORPTION PATTERNS 

The normalized data (absorption enhancement AE) still include variations 
due to very local effects. Instead of constructing AE-patterns by interpolation 
between the individual measurements, all AE-values were fitted by analytical 
functions. The number of locations, or — more importantly — the number of 
simultaneously available measurements, restricts the order of the analytical 
expression which can be fitted to the data. The simplest fern is a plane in 
general position requiring only three, preferably evenly spaced, points. A 
somewhat higher level of complexity — a circular paraboloid — was chosen which 
is determined by four parameters, namely location and value of the maximum, and 
the curvature. This form is employed at the present stage of tne analysis; 
higher orders have been tested, but found to lead to unrealistic excursions. In 
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Figure 2. Relative absorption contributions of 
different heights of Bone stations together with 
the average absorption profile of all data sets 
( s umme r ) • 


an attempt to account for the different height coverages (cf. Figure 2) weights 
w were given to the different data sets according to: 

V - l r /T dh/I 2 dh 

Here 1 is the average specific absorption of all neasurenents divided by the 
average integral absorption. Its height variation is also shown in Figure 2* 
Table 1 contains these weights for January and July, but for the further 
computation these weights were also established for all other months. 


. ^ urt ^ e nnore contained in this table is the mean height of the absorption 
derived from the same model computations. Those data which are based on 
Lp 1“ Lp/d + n)j were given additional daily weights according to the quality 
of the fit L - L 0 (cosx) n which' led to the establishment of L c and n. For every 
day four parameters were determined by fitting a paraboloid to all log(AE)- 
data by a least -mean-square procedure. In the film contours of absorption 
enhancement of 0.8, 1.0, 1.3, 1.6 etc. are shown. In order to avoid too rapid 
fluctuations of the absorption (AE-)patterns, running means of the four para- 
meters are used, i.e. 502 of the day in question and 252 each of the previous 
and following days. 


The curves are fitted to the data in geographic Cartesian coordinates and 
the contours of constant absorption enhancement then transformed to the 
only 0 those ^ I!* tel temperature data are available. In the film 

^ i r- Wh ^ h provlded data on the d ay in question arc indicated by 
small circles. Figure 3 shows two examples where however, all possible station 

n hClr aCr0nyms ' Fr0ci October 1975 on radiance (temperature) 
data ot the PMR (- Pressure Modulator Radiometer) of the University of Oxford 
aboard the satellite NIMBUS-6 are available. The weighting function of the 
highest channel 3000 peaks somewhere just below 80 kn. The temperatures at tha 
height are surely not decisive for enhanced electron densities (electron loss 
rates), but may be an indication of an unstable atmosphere, turbulence and — i 
consequence — of transport of NO into the D-region. 





Figure 3. Examples of absorption patterns obtained 
by fitting an analytical function to the AE values 
and mesospheric temperatures, (a) typical summer, 
May 24, 1976, (b) winter anomalous day January 8, 
1976. r**2 is the quality of the fit and n the 

number of available data for the day. 


CONCLUSIONS AND IMPROVEMENTS 

The quality of the presently available raw data docs not permit to draw 
final conclusions concerning the magnitude or the motions of absorption. More 
careful screening of the absorption data is envisaged, but also the reference 
absorption model, which mainly hinges on the adapted I NO 1-model, may have to be 
revised. For the derivation of velocities of absorption patterns it nay perhaps 
suffice to use the running mean as a reference, thereby avoiding errors intro - 
du:ed by an unrepresentative reference absorption. 


/ 
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ABSTRACT 

Radio wave absorption data on 1539 kHz for the summer period of 1^76-1980 
are considered in relation to variations of solar X-ray and Lu radiation. It 
is 6hovn that under non-flare conditions La dominates in controlling Absorption 
and that X-rays contribute about 10Z to the total absorption. Optimis 
regression equations show that absorption is proportional to the m-th power 
of ionizing flux, K ^, n> where m < 1. The role of correcting La values, 
measured by the AE-E satellite, is discussed. 

It is generally accepted that Lyuan-a radiation plays the dominant role in 
the formation of the D region. But the contribution of different ionising 
radiations in the lower ionosphere has not been established too well. In this 
paper the results of a statistical analysis of A3 absorption data are presented 
in relation to solar X-ray (1-8 A) and Lyman-a fluxes. Radiowave Absorption 
data measured on 1539 kHz at the Banska Ves Observatory. Czecho Slovakia , 
(reflection point 50*16*N, 11'47'E, distance 390 km, equivalent frequency, 0.7 
MHz) ore used. The data set consists of the summer months (June-August) of 
19/8-1960, separately for the afternoon and forenoon at \ " 60° and 70*. SWF 
events and absorption data considerably affected by geomagnetic storms have been 
excluded. X-ray flux data were token from Solar-Geophysical Data bulletins 
(1979-1961). In the cose of Lyman-a irradiance the question of experimental 
data is more complicated. The Lynan-a flux values used in this paper vere 
adopted from AF.-E satellite measurements (HINTERECGER, 1981). It is very veil 
known that there are open questions about absolute Lyman-a flux value a measured 
by the AE-E satellite. Figure 1 chows the development of monthly mean values of 
Zurich sunspot number R z , solar flux at 10.7 cm and also Lyman-a flux for the 
whole period urder study. An unexpected enhancement of Lyman-a flux value can 
be seen at the beginning of 1979. It should also be noted that the values of 
Lyrnn-i f lux observed during cycle 21 are higher than for cycle 20, and this 
increase is not matched by corresponding increases in the sunsj>ot number or in 
the solar flux at 10.7 cm. As BOSSY and HICOLET (1981) have demonstrated, the 
differences can be explained only by systematic errors and cannot bo neglected. 
Ve have corrected these Lyman-a flux values in the following way. As can be 
seen from Figure 1, the ratio of Lyman-a to Lyman-B fluxes also significantly 
increased at the beginning of 1979. If we take into consideration that the 
Lyman-a to Lyman- p ratio decreases in a solar active region (BONNET, 1981), we 
may claim that this ratio should not increase with increasing solar activity. 

We can assume that the ratio of Lyman-a to Lyman-g is close to its value for 
average solar activity and hn3 not changed during the whole period studied. We 
have UBed this assunption to correct the Lyman-a flux values. As can be seen 
from Figure 1 the corrected Lyman-a flux values are in better agreement with 
the development of solar activity. In this study both corrected and uncorrected 
Lyman-a data were used. 

To derive the relation between absorption and ionizing fluxes, ve calculate 
expressions of the type 

L - A r S B F ra + C 
x a 

where L is radio wave absorption (in decibels), and F is the flux of ionizing 
radiation, using the least-squares method for all data sets with m between 0.3 - 
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1977 1970 1979 19C0 


Figure 1* The development of monthly mean values of Zurich 
sunspot number R 7 , solar flux at 10.7 cn F 10 . 7 , the solar 
Lyman - 1 flux F^ (circles, uncorrected values; crosses, cor- 
rected values) and ratio of Lynan-a to Lyman-;' fluxes, F a /F.*, 
over the period 1977-1980, ("7“ indicates insufficient number 
of data.) 


2,4, The criterion for estimating the optimum equations is the value of C 
(about 5 - 101 of the total absorption). All values of n, A, B, C for these 
optimum expressions are given in Table 1 for uncorrcctcd Lyman -a data and in 
Table 2 for corrected data. For some data sets it was not possible to derive 
optimum equations. 

let us first consider the exponent ra. Its values are distributed between 
0,3 - 1 for the uncorrected data and between 0.35 - 0.8 for the corrected values 
of Li, A considerable part of the n values is close to the value of 0.5 to be 
expected from the equilibrium equation. In all cases in which we were able to 
derive n for both data sets the exponents m arc smaller for the corrected than 
for the uncorrectcd data. 

This result differs from the results of an analogous analysis of absorption 
on the frequency 27 75 kHz and 1178 kHz for the period 19t>9 — 1972 made by 
LASTOVICKA and BOSKA (1982), where the value of m was evidently m > 1. The 
cause of this difference is not clear yet. Ratios of X-ray and Lyraan-a con- 
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Table 1 
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0.75 

3.1 

10.4 

3.7 
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0.08 
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0.06 
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0.45 
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0.36 

0.65 
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0.22 
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0.20 
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Table 2 
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tot/L, 

1978 

f 

0.35 

13.6 

19.2 

5.7 

0.37 

- 


- 

- 

- 

1978 

a 

- 

- 

- 

- 

- 

0.55 

1.7 

16.5 

4.2 

0.04 

1979 

f 

0.45 

6.9 

19.8 

4.23 

0.19 

- 

- 

- 

- 

- 

1979 

a 

- 

- 

- 

- 

- 

0.8 

3.1 

10.3 

3.9 

0.10 


tributions to total absorption, for the equations from Table 1 and 2, 

have been calculated using mean ionizing fluxes for all the individual data 
sets. The values of L ,/L^ lie between 0.04 - 0.37 and clearly display the 
dominant role of Lyman— .t radiation in absorption. The typical contribution of 
X-rays to the total absorption under non-flare conditions is about 10Z, Fot the 
corrected data sets, the contribution of X-rays is slightly greater than for the 
uncorrectcd data. Median values of the correlation coefficients between radio 
wave absorption and ionizing fluxes arc: * 0.33 and cL^ * 0.40, 

respectively. For Lyman-*.* the correlation is slightly weaker than for X-rays 
and this result was not significantly influenced by correcting the Lyoan-i 
flux. This is probably due to the Lynan-i variability being snail compared to 
the variability of X-rays. 

It can be concluded that the correction of Lyman-* data did not change the 
results of the analysis significantly. The derived values of the exponent o are 
in good agreement with the theoretical assumptions, 
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Lov- frequency propagation experiment. for the investigation of the lover 

s&xrs rjT2ir.KrrSJi.v- 

upon field strength measures of commercial radio i tran^ttera in the 
froouenev ranee betveen 50 and 200 UU at distance* from 500 to 1500 kr>. The 
field strength record* shov characteristic diurnal variations with naxiaa and 
minima, produced by interference between the ground wave end the lonosphcrical ly 
rcflc-ted sky wave, the phase difference betveen which varies in correspondence 
to the diurnal variation of the reflection height. The upper ? art and 

Kivcs two examples of field strength records on radio frequencies of 164 UU and 
155 kilt at distances of 1023 km and 1359 ko. respectively. The 
during forenoon and afternoon arc quasi-sycmetricnl with respect to the re 1 
noon at the propagation path uidpoint. 

From investigations in the LF-range (SKITH, 1973) it is ^ tha£th ' 
dominant ret of rtovneoming sky wave is the extraordinary component. On the 
basis of the nagneto-ionic reflection condition we can calculate the electr 
density necessary for reflection of the extraordinary component at » Etvcn 
frequency and angle of incidence. For frequencies ranging from 50 to 200 UU. 
these calculated reflection electron densities are between 250 and 550 cl cm . 
The diurnal height variation of the level where electron density has this Riven 

ss.‘L « 

to each citrJm. This coordination con also he achieved by comparison with 
rocket-measured electron density profiles obtained in the same location. 

In the following a very simple approach of interpretation is attc ° p “^ 
the basis of geometric-optic consideration. The lower port of Figure 1 shows on 
example of height determination from oeasuroaenta on two frcqueneic.. The ti 
of field strength extrema are referred to the respective solar temth angles, 
r «t the propagation path midpoint and coordinated to the corresponding geo 
metric height". The diurnal variation of the reflection height range, between 
75 and 85 km. The relation between the reflection heights and the logarithm f 
the Chapman function of x i» linear, forming during forenoon and afternoon tvo 
sttaighHinos with different slopes. The difference between the £o ™"° on d 
a te noon branches correspond, to « distinct time difference of about 10 




Figure 1. (a) Field strength records of LF signals on long- 
distance transmission paths at Kuehlungsborn. (b) Diurnal 
variation of apparent reflection height by coordinating 
each field strength extremum to its tr iangulation height. 


minutes. 

During daytime the normal electron density in the D-region between 70 and 
85 km is mainly produced by nitric oxide ionization due to solar Lyman- a - 
radiation. Molecular oxygen is considered as the main absorber for solar 
Lyman-a-radiation. On the basis of this concept it can be shown that the 
height of a level of constant electron density in the D region indeed varies 
linearly with In Ch X, just as does the reflection height in our indirect phase 
height measurements. The time lag between the forenoon and afternoon values is 
due to recombination processes in the ionospheric plasma whereas the average of 
the forenoon and afternoon values approximately represents equilibrium 
conditions in the D-region. In this case the slope will represent the mean 
scale height of the neutral atmosphere. 

In order to check the validity of this kind of interpretation, field 
strength measurements on two LF-neasuring paths were installed in the Soviet 
Union, with their path midpoints situated very near to the rocket sounding 
station Volgograd. 

A series of electron density profiles measured at Volgograd by rockets up 




to a height of 85 kn at different solar zenith angle# veil confirms the 
assumption that the reflection height is connected with a fixed value of 
electron density. Figure 2 shows the height of this reflection electron density 
obtained by rockets in comparison with the reflection height determined at the 
same solar zenith angle from indirect phase height measurements. The slope of 
the regression line does not show the expected 45° angle. The variation of the 
reflection height in dependence on x is larger than the corresponding change of 
the fixed electron density level. This result can be explained by variable 
additional phase changes of the dovneoming signal due to variations of electron 
denoity below the reflection height. Thus, one has to be aware that the 
accuracy of phase height determination is somewhat reduced by this effect. 



Figure 2. LF reflection height (218 kliz/1463 km) 
in comparison with corresponding heights derived 
from rocket-measured electron-density profiles. 


An impressive demonstration of the effectiveness of indirect phase height 
measurements is the appearance of solar flare effects in the records. The 
strongest observed effects seem to decreaoe the reflection height by as much as 
15 km. But some part of this amount may be also due to a flare-induced 
additional phase change below the reflection level. 

It can be 6hovn that the reflection height depends on the variation of the 
optical depth for the ionizing solar Lyman-a-radintion ; that means it depends on 
air pressure. It ha6 turned out that an appropriate characteristic for 
describing the day-to-day variations is the inverce Chaptnan-f unction, Ch“*x» 
of the solar zenith angle value at which the diurnal course of the reflection 
height crosses a given height level. This quantity is mainly connected with the 
pressure variation, as confirmed by comparison with the seasonal variation of 
air pressure measured by rockets. 

In Figure 3 the correlation is presented of daily pressure values obtained 
by rockets at a height of 70 km with corresponding values of Ch“*x during the 
winter of 1974/75, They are given as deviations from the mean seasonal varia- 
tion. The result shows a weak but significant correlation. This winter had 
particularly large variations of air pressure. A similar investigation for other 
winters did not show such a significant correlation. Thus, it must be assumed 
that other quantities also influence the Ch~^x“ va l ue 6 in the same order of 
magnitude. 

A comparison of the slope of the mean daily variation of reflection height 
with corresponding temperatures measured by rockets is difficult. The slope 
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ind.phQse height measurement 


Figure 3. Pressure deviation from seasonal variation 
in 70 km height in comparison with corresponding 
Ch'^y values near 78 km height from December 1974 
to March 1975. 


results from the whole diurnal variation of the reflection height; that means 
that there is inevitably an averaging over a height range up to 10 km where the 
vertical temperature profile nay considerably vary and likewise an averaging 
over many hours where also considerable temperature changes may occur. On the 
other hand, it must be assumed that additional phase changes caused by varia- 
tions of electron density also influence the slope. Thus, om '■annot expect a 
good correlation between scale heights derived from the slope of the diurnal 
phase height variation and instantaneous local temperatures measured by rocket. 
The seasonal variation, however, of the slope is very similar to the seasonal 
variation of temperature in the altitude around 80 km. 

In Figure 4 different data for the winter of 1974/75 are presented in the 
following manner: The upper curve gives daily values of ionospheric absorption 

at constant solar zenith angle x “ 78. 5 P . The two curves below show daily 
values of Ch~*x* They rise when the isobaric surface near 80 km is rising and 
vice versa. Curve (b) gives Ch”^x values fron Eastern Europe and curve (c) 
from Central Europe. The distance between the path's midpoints is about 2400 
km. Poth curves show very similar variations, a hint to large-scale pressure 
variations in this region. The lowest curve of the figure gives some pressure 
values at 70 kn height measured by rockets in Volgograd. The pressure data show 
similar large variations as those of the Cli“ ^ x values, which confirm the close 
connection between both of them, as also seen in the figure before. The varia- 
tion of ionospheric absorption precisely follows inversely the changes of the 
Ch w *x curves, i.e. large ionospheric absorption is connected with low pressure 
and vice versa. The high variability in this winter is mainly caused by large- 
scale changes of pressure. 

The results of comparison between indirect phase height measurements and 
simultaneous rocket soundings in the D-region can be summarized as follows: 

- The reflection height approximately varies with the height of a fixed 
electron deneity; that means that a continuous patrol of one point of the 
electron density profile is possible by these measurements. 

- The interdiurnal variation of the value of the inverse Chapman function, 
ClTMx), at the moment of crossing a given reflection height contains 


ft 






Figure 4. (a) HF-absorpt ion measurements (coax - 0.2) in 

Central Europe; (b), (c) Ionospheric D-rcgion parameter 
Ch'^x from LF indirect phase height measurements in 
Eaetern Europe and Central Europe near the 80-km level; 
(d) Rocket data of pressure at 70 kn height in Eastern 
Europe in winter 1974/75. 


information about day-to-day changes of atmospheric characteristics, mainly 
air pressure. 

- Thus, indirect phase height measurements are a useful completion to rocket 
measurements, because they allow continuous monitoring of the b-region also 
between the rocket soundings end, therefore, support the valuation of the 
rocket results according to the respective background. 
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MEASUREMENTS Or PARTIAL REFLECTIONS A7 3.18 MHZ 
USING THE CW- RADAR TECHNIQUE 

J. Priese and W. Singer 


Academy of Sciences of the CUR 
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An equipment for measuring partial reflections using the FM-CW-radar 
principle at 3.18 MHz, recently installed at the Ionospheric Observatory 
Juiiusruh of the CISTP (HHI), is described. The linear FM-chirp of 325 kHz 
bandwidth is Gaussian-weight cd in amplitude and gives a height resolution of 1.5 
ka (chirp length is 0.6 sec). Preliminary resultc are presented for the first 
observation period in winter 1982/83. 

INTRODUCTION 

_ A p ? r * ial reflection experiment vas put into operation in December 1982 at 
Juliusruh (geographic coordinate 54.63°N, 13.38°E, L « 2,62) and is firstly 
applied to study different D-region parameters such as electron density, height 
of reflecting layers, and fading periods. This method gives an important 
enlargement of the well-known groundbased methods such as Al/A3-absorption 
measurements, indirect phase-height measurements and meteor-wind observations, 
which are being used in our Institute for diagnostics and monitoring of the 
mesosphere and lower thermosphere. 

INSTRUMENTATION 

_. Jl 16 fu * 7 ctl onal schene of the transceiver equipment is given in Figure 1. 

The chirp signal is generated by an ultra-linear VCO, the frequency rippUs of 
which being snaller than 300 Hr over the whole sweep width (further paranelers 
are listed in Figure 2). High linearity is obtained by natched forning of the 

19?7;°^uls V et al?, m?)!" 8 * P ° Wer ° f thir<1 0rder in tic ® (KALASS > 

The envelope of the signal amplitude is frequency weighted by Gaussian 
l?? 1 ? f lrections of transmitting and of reveiving; the 3 
Iqra'i Wldt ^ s being 66.4 kHz. The Gaussian filters designed by TIMPL (1979 
1 ?®°j R a ?^ 0Xl “ te * he ldeal Gauss-envelope with ripples smaller 0.2 dB down to 
-70 dB (the ends of he truncated chirp). The filters are realized by band- 
passes of 14th order, 

_ The anplif led signal is transmitted by an array consisting of 4 x 4 
horizontal orthogonal pairs of Jjalf-wave dipoles installed approximately /8 
above the dissipative ground <n‘ - 30 ♦ j 170); the dipoles of each paj being 

rlfll' /► dl6tance . of 1 ?• A of 16.5 dB (for one polarization) 

referred to the isotropic radiator has been obtained by using the eonputed 
ya ucs of the attached Sonnerf eld-problen (TRIESE and SCHh'EIDERllEINZE, 1983) 
together with the oeasured current distribution as well as the resulting 
radiation resistance of each dipole (PRIESE, 1980, 1981). The beaa-widtha (27* 

?RIESE i sn’ rul Vt,"" pl T ) have been meaeired by neans of 8 
oonn.ifi i!? 1 • If orthogonal arrays are e..cited in phase quadrature and 

opposite polarization are obtained be reversing one of the feed systaa6. 

The receiving array is separated about 4 wavelengths from the 
antenna and consists of 2 x 2 orthogonal pairs of resonant loops!" Thf S £ ttln8 
signal will be amplified by 40 dB in an amplifier of low intcraodulation 


n 
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Figure 1. Functional scheme of the transceiver equipment* 
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Figure 2. Signal diagram 
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distort! (for the first observation period a half-wave dipole could be used 
only)* nr ter mixing of the undelayed with the reflected and therefore delayed 
signal, the audio frequency components of the mixer spectrum contains the 
information of height and amplitude of the partial reflection. Following the 
introduction to chirp theory by KLAUDER et al. (1960) it is well known that an 
unweighted chirp-procesc results in an audio frequency spectrum with range- 
sidelobes of the sin x/x-type. A sidelobe-compres siou is absolutely necessary 
in order to avoid confusion of the spectra of the partial reflection levels 
among one another as well as to suppress the sidelobe spectra of the strong E- 

layer reflection and the mutual coupling between the antennas respectively* 

Following a first idea of KLAUDER et al. (1960), Reiser introduced 
Gaussian weighting as a rigorous method to reduce the sidelobes, and prepared 
the basic parameters of chirp, filters and transceiver (see reports bv BRpiER et 
al., 1973; KALASS et al., 1981). Furthermore, the chirp process results in the 
important compression gain of the signal compared with a constant-frequency 
pulse of the same envelope. Power gain N and delay resolution t are given for 
an infinite chirp by 

2 

N * /rT/o • At, At z /iT • m/K • 

Based on the desired values of t “ 10 us (corresponding to a height resolution 

of 1.5 km) and a compression gain of N m 43 dB the signal processing parameters 
shown in Figure 2 have been derived. Additional efforts have been made to study 
the effects of sweep truncation as well as of phase and amplitude distortions of 
the chirp (KALASS et al., 1981). 

Last not least, the nudio frequency spectrum of a detached partial 
reflection level is obtained (after some omissions) in the form 

A out (f) ' exp{_ i [NAlf " m ] 2} ■ exp{- \ t?i _ Toir^ l2) 

The 3.4 dB width of this spectrum is about 5.4 Hz, so the Fourier-analyzer must 
have the same frequency resolution and is hardware realized by active low-pass 
filters of 2.7 Hz bandwidth (KALASS, 1977) following the outputs of the 
quadrature demodulators. The spectrum of each sweep is analyzed for 30 height 
channels from 47.5 km to 91 km with a stepsize of 1.5 km. The A/D converter has 
a resolution of 11 bits. For each sweep the amplitude height profile is 
recorded on magnetic tape. The data reduction will later be done on an all- 
purpose KRS 4200 computer. 

The equipment has two different modes of operation. In the continuous mode 
sweeps are transmitted with a repetition frequency of 1.25 Hz, in the inter- 
mittent modi 10 consecutive sweeps are emitted at the beginning of each minute. 
In both modes it is possible to observe either with a fixed polarization 
(ordinary or extraordinary) or with polarization switching* 

PRELIMINARY RESULTS 

Data have been evaluated for days with high radio wave absorption (winter 
anomaly) and low absorption in December 1982 and January 1983 to investigate the 
variability of electron density in winter. For winter anomaly conditions the 
data of December 24, 1982 and January 12, 1983 are presented. On these days, 
A3-absoiption values on 3 measuring paths exceeded the monthly median value by 
about 4 to 8 dB and Al -absorption values in the MF-ronge (2 MHz) by about 6 dB. 
As example for conditions of low absorption the data of December 27 , 1982 and 
January 21, 1983 are used, when LF-absorpt ion was about 5 dB and MF-absorption 
about 3 dB below the monthly median (all data for solar zenith angle X “ 78.5 ). 




r? 



In Figure 3, time averaged height profiles (median values) of the 
amplitudes of the ordinary (o)- and extraordinary (x)-node are showi* for the 
days mentioned above. The height profiles are smoothed by running averages over 
3 successive values. For low absorption the A x -height profiles exceed the 
noise level above 74.5 km and attain a maximum at about 80 kn (on Jar.. 21 the 
noise level was enhanced by two times). For winter anomaly conditions, signals 
exceeded the noise level already at lower heights (on Dec. 24 at 70 km; on Jan, 
12 at 67 km). In the height profiles maxima occur on Dec. 24 at 79 km and on 
Jan. 12 at 76 km. By analysis of the autocorrelation functions for continuous 
measurements with fixed polarizations, the half-amplitude width: of the auto- 
correlation functions were found of the order of seconds, increasing with 
decreasing heights. 



RELATIVE SCALE 


Figure 3. Averaged amplitude profiles of the 
extraordinary and ordinary component (WA: 
day with winter anomaly in absorption). 


The basic theory for the differential-absorption experiment was given by 
GARDNER and PAWSEY (1953), modified by BELROSE and BURKE (1964), assuming that 
observations of weak echoes of high frequency radio waves scattered from the 
lower ionosphere are caused by Fresnel reflection from discontinuities in the 
refractive index. Following these papers, the height distribution of electron 
density has been derived from the observed ratio A v /A q of the backccattered 
amplitudes of the extraordinary and ordinary magneto-ionic components using the 
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improved quasi-longitudinal approximation to the exact Sen-Wyller expression of 
the refractive index after FLOOD (1980). The height profile of monoenerge tic 
collision frequency is assumed as v m « 7.3 x 10 J x p, the pressure data being 
taken from CIRA 72 including seasonal variations. 

In Figure A the derived electron density profiles (solar zenith angles 
about 78 ) are shown for the data of Figure 3. Noise correction has oeen 
performed for the amplitude data by using the noise in the height range 33 to 60 
km, where no ionospheric signals arc expected. At the upper end of the derived 
profiles, the electron density values are uncertain by a factor of about 1.3 due 
to the low s igna 1- to-noi se ratio of the extraordinary component. 



Figure A. Electron-density profiles for winter 
conditions using the amplitude data of Figure 
3 (WA: day with winter anomaly). 


A comparison between the electron density profiles evaluated for high 
absorption conditions with the profiles derived for low absorption shows a 
marked increase in electron density between 76 and 85 km in the presence of 
winter anomaly. 

CONCLUDING REMARKS 

A few examples of preliminary results have been presented, obtained by a 
new partial reflection equipment using the CW-radar principle during winter 
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1982/83. For the four day* evaluated here it was possible to derive electron 
density profiles in the height range 72 to 90 km. Under winter anomaly 
conditions the electron density profiles show a narked increase between 76 and 
85 km by a factor of about 2 to 6 compared to days without winter anomaly. 

To check the reliability of the derived profiles it will be of interest to 
compare the observed absorption values in the LF- and HF-r&nge with the 
theoretical calculated absorption values for these electron density profiles. 
Before the forthcoming summer observation period the provisional receiving 
antenna will be replaced by the designed receiving array. In future it is 
planned to implement a partial reflection drift equipment. 
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ABNORMAL CIRCULATION CHANGES IN THE WI»;TER STRATOSHIERE, 

DETECTED THROUGH VARIATIONS OF D REGION IONOSPHERIC ABSORPTION 

B. A. de 1 a Horen* 

1NTA-CONIE 
Huelva, Spain 


ABSTRACT 

This p^per intends to introduce a method to detect stratospheric warmings 
using ionospheric absorption records obtained by an Absorption Meter (Method 
A3). The activity of the stratospheric circulation and the D region ionospheric 
absorption as well as other atmospheric parameters during the winter anomaly 
experience an abnormal variation. We have found in our observations a 
simultaneity in the beginning of abnormal variation in the mentioned parameters, 
using the absorption records for detecting the initiation of the stratospheric 
warming. Results of this scientific experience of "forecasting” in the ”EI 
Arcnosillo" Range, are presented in this communication. 

INTRODUCTION 

For the last ten years, "El Arenosillo" Range has been participating in 
international programmes dedicated to the study of winter stratospheric sudden 
warmings with the launching of meteorological rockets, and with the analysis and 
distribution of the wind and temperature data recorded, following the rules 
given by the international scientific community. 

The exceptional advantage of a station for the study of the atmosphere with 
ground-bnsed equipment combined with a rocket launching range, has allowed the 
simultaneous analysis of the behavior of different parameters of the middle 
atmosphere during the periods considered as winter anomalies* It confirms that, 
for tlic latitude of "El Arenosillo", the abnormal variations of the absorption 
parameter in the ionospheric D region appear simultaneously with circulation 
changes (i.c., rotation of direction) of the stratospheric wind that accompany 
the sudden warnings (HOREJJA, 1981) as ^ell as a lack of variation of the para- 
meter temperature in the mentioned period of winter anomaly. 

Analysing Figure la, it can be observed that in the winter period 1975/76 
the zonal circulation in the upper stratosphere which presents west component 
coincides with normal values of absorption for that winter period (from 20th 
Dec. to 5th Jan., 9th to 18th Jan., and 27th Jan. to 5th Feb.), and on the 
contrary,, the abnormal change*, of the zonal circulation to winds of East 
component correspond to variations of the absorption which are higher than their 
mean value. On the other hand, the period of winter 1976/77 which was 
characterized by the absence of circulation changes in the upper stratosphere, 
shoved a normal behavior of the parameter absorption in the ionospheric D 
region. 

Figure lb is a clear example that the temperature in the stratosphere 
virtually shows the sane variations during unstable periods (as in winter 1975/ 
76) and in periods of circulation stability (as in winter 1976/77). 

Based on this, the present experimental study, whose finality is to detect 
the appearance of winter stratospheric circulation changes in middle latitudes 
and to follow its development through the observation of the abnormal variations 
of the ionospheric absorption paraneter in D-region, was started. The practical 
check-up of the mentioned prediction system has been carried out for the last 
two periods of winter anomaly (1981/82 and (1982/83), using fourteen 
meteorological rockets Super-Loki, the stratospheric balloons end continuous 
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Figure la. 


records of the A3-Absor P tion Meter, shoving the results given tn the following. 
This study is part of a wide investigation program being developed in “ 
Arenonil lo" that pretends to develop a simple prediction system of the abnormal 
variations of the parameters characterizing the middle atmosphere through the 
u sc of around -based equipment. 


ANALYSIS OF THE DATA 


The records of wind, temperature, and absorption obtained 
winter anomaly periods 1981/82 and 1982/8.1, once again confirm 
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Figure lb. 


appearance of disturbances in the normal behaviour of these atmospheric para- 
meters (Figures 2 and 3). Figure 2 presents a typical winter anomaly with two 
notable stratospheric changes represented in their meridional and zonal 
components, being evident in the irregular behavior of the ionospheric absorp- 
tion in the D-region, with values which are higher than the mean value 
registered from 1976 to 1982. (We consider the mean value of absorption 
obtained during the solar cycle, represented by the continuous line, an more 
signif icant . ) 

The periods of maximum absorption coincide with a meridional circulation of 
North component in the whole stratosphere, while the normal values of absorption 
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correspond with a wind circulation of East and West component in the upper 
stratosphere. In this diagram, it is easily seen that the meridional circula- 
tion precedes the change of zonal direction to winds of East component. The 
stratospheric temperature could not be measured during the winter period 1981/82 
due to technical problems of the reception system. 

Figure 3 analyzes the winter anomaly 1982/83. This was characterized by a 
period of circulation stability and of absorption, only altered by two weak 
beginnings of meridional circulation changes in the upper stratosphere, which 
coincided with sudden increases of ionospheric absorption that were easing off 
as the zonal circulation was being re-established. Similar as in the winter 
period of 1981/82, meridional winds of North component preceded the changes of 
zonal circulation in the upper stratosphere. As expected, the temperature did 
not expedience any notable changes and its behavior wa6 similar to that observed 
during the winter periods of 1973/76 and 1976/77. 

figure A gives a synoptic representation of the direction and intensity of 
the stratospheric wind during the analyzed periods of winter anomaly 1981/82 and 
1982/83, offering a more intuitive image of the base used in this possible 
prediction system. 

It can be observed that when the absorption is higher than the established 
mean value, a change of meridional direction in the wind circulation of the 
upper stratosphere begins simultaneously (15th to 19th January 1982, 1st to 7th 
February 1982, 28th of January to 1st February 1983 and 15th to 17th February 
1983). On the contrary, periods of normal absorption indicate that the circula- 
tion has been established dominantly in East or West zonal components. 

It is important to bring out the processes initiating the circulation 
change observed during the 28th and 30th of January and 1st of February 1983 by 
its possible application to the formation theory of the "warmings” through geo- 
potential f 1 uxc 8 , as well as the sudden and big increase of the ionospheric 
absorption in these days, which reached the highest values recorded in El 
Arenooillo for the last ten years. 
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Figure 3. 


CON CLUS IONS 

- An evident cor re lation be tween the behaviour of the absorption parameter in 
the D-region, and the wind circulation in the upper stratosphere during the 
periods of winter anomaly is observed. 

“ Significant increases of absorption indicate the beginning of a circulation 
instability (turn-round of the wind direction) and the establishment of a 
meridional component of the wind in the upper stratosphere. 

- Normal values of absorption indicate that the circulation is established 

dominantly in zonal components. / 

i 

- The mean value of the absorption increases during those winter periods which 
are characterized by circulation instability. 

- Winds of meridional component precede the abnormal change of the zonal 
circulation . 

- Since the stratospheric temperature does not experience any notable variations 
during the periods of winter anomaly, the system of alert and prediction of 

sudden warmings (stratalert parte) has great limitations to be used in the . / 

middle latitude of El Arenosillo. 
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WINTER ANOMALY OF THE LOWER IONOSFHERE AND ITS POSSIBLE CAUSES 
Z. Ts, Rapoport 

Institute of Terrestrial Magnetism 
Ionosphere and Radio Wave Propagation (IZMIRAN) 

142092 Troitsk, Moscow Region, USSR 


INTRODUCTION 


It is a well-known fact that in winter the midlatitude lower ionosphere 
differs considerably from that in summer. This was first discovered as a result 
JapmptJm 1 ?!J 7 8 \ 0f ground-based measurenents of radio wave absorption in England 
lAFrLETON , 1937). The phenomenon was named the radio wave ionospheric absorp- 
tion winter anomaly. Later on, we began to speak about winter anomaly of the 
lower ionosphere , having in mind that a number of parameters of ionized -and 
neutral components of the medium behaves anomalously in winter. 


The winter anomaly at midlatitudes shows itself distinctly in MF and HF 
ra 10 wave ranges. On a long-time average, the maximum value of absorption for 
a constant solar zenith angle is observed during the winter solstice; it 
decreases almost to summer values symmetrically towards the equinoctial periods. 
Another distinctive feature of the winter anomaly is the enhanced day-to-day 
variability of the absorption in winter compared with other seasons of the year. 
Beside the general increase of absorption level, called normal winter anomaly 
vSCHWENTEK, 1971), there are days and groups of days with excessively high 
absorption. The zone where the anomaly is observed has a low-latitude boundary 
below which the anomaly vanishes (see, e.g. LAUTER and SOLAN INC, 1970; ELLlNO 
et al., 1974). It should be also noticed that the magnitude of the effect and 
the duration of its occurrence decrease with latitude (e.g. RAPOPORT, 1974), 

» *-Le anona lous region has a cloudy or spotted structure (e.g. SHRESTHA, * 

The winter anomaly occurs also at high latitudes in the auroral zone in 
any case but here the effects caused by sporadic energetic particle fluxes are 
superimposed on those of the winter anomaly (RAPOPORT, 1979). 


There have been many attempts to explain the winter anomaly. We should not 
like to dwell upon all hypotheses suggested. We only want to point out that 
some scientists regard direct precipitation of energetic particles as the unique 
cause of the anomaly at all latitudes where it is observed (e.g. SATO, 1981). 
Other authors assume that the winter anomaly may have also the causes completely 
independent of particle precipitation, i.e., changes of temperature and gas 
composition, mainly an increase of nitric oxide density ionized by Lyman- 
radiation (e.g. OFFERMANN et al., 1982). It seems to us that these opposite 
stand points do not exclude each other, that they may operate simultaneously, 
and their relative contribution is different in different cases, as it depends 

T C !nTrD Gr ?n^ 0n the 1 ? tltude of observation (e.g. THOMAS , 1971; BREMER and 
LAUTER, 1982). We think, next, that the intensity of energetic particle fluxes 
in the auroral zone and the dynamical structure of the whole middle atmosphere 
on the levels of the lower thermosphere and mesosphere are definitive for the 
midlatiti.de mesosphere conditions. We also think that a correct interpretation 
of the midlatitude winter radio wave absorption changes is possible only if the 
w ole spatial-time pattern of the event is taken into account. Our analysis is 
°!1 ? ata “Gained during an integrated experimental program carried out in 
the USSR m January 1981 and partially in January 1982. 

INTEGRATED EXPERIMENTAL PROGRAM RESULTS 


Integrated ground-based and rocket experiments were performed in the USSR 
in January 1981 and 1982 as a part of the International Middle Atmosphere 
Program. The rockets M-100B launched in Volgograd 0.* ■ 48.7°N; A ■ 44.3®E; 



$ * 43.1°) provided height profiles of electron density, wind and temperature. 
Radio wave absorption data obtained by AI method in Volgograd and f c ^ n para- 
meter values obtained at a number of Soviet ionosonde stations were used to 
determine the situation in the lower ionosphere. The results of these 
integrated experiments have been presented at the COSPAR Symposium in Ottawa 
(PAKHOMOV et al., 1982) and in Alma-Ata (PAKHOMOV et al., 1983). The ground- 
based data showed that absorption in January 1981 was typical for winter 
conditions. The geomagnetic field during the whole month wa6 rather quiet. 
Excessive absorption was observed on January 12-16. 

Figure 1 shows electron density altitude profiles (Ke(h)) obtained by using 
the coherent frequency technique on rockets M-100B on the anomalous day of 
January 14 and on normal days of January 21 and 28 in the morning (Figure la) 
and in the afternoon (Figure lb), the solar zenith angle being x “ 78°. These 
profiles may be compared with that obtained on January 29, 1980, a day con- 
sidered as free from the influence of winter anomaly. One may see that He 
values on quiet winter days (Figure la) exceed He va* es for the day free from 
anomaly in a considerable altitude range (~ 75 tc 90 km), whereas He values are 
higher on the day of the enhanced absorption than on a day with regular absorp- 
tion (h = 70 to 95 km). 



10“’ to 3 ’0* io 5 



Figure 1. Electron density altitude profiles < Dtaincd 
by coherent frequency technique in Volgograd; solar 
zenith angle x " 78°. (a) forenoon profiles, (b) 

afternoon profiles. 14 January is the day of exces- 
sive absorption; 21 and 28 January are days of normal 
winter absorption. The profile obtained on 29 Febru- 
ary 1980 at X - 80° is shown for comparison. 


Figure 2a shows temperature profiles obtained on January 14, 21 and 28 as 
well as the CIRA-72 standard profile. The lower part of the figure (b), shows 
the measured temperature deviations from the corresponding standard profile. 

The characteristic shape of these AT (h) curves shows explicitly the influence 
of atmospheric wave processes on temperature distribution, not only during the 
excessive absorption but on norma, days, too. It should be also noted that the 
temperature was lower than the standard one on the day of excessive absorption 
as well as on days of normal winter absorption in the region of enhanced 
electron density (above *70 km). The tonperature height distribution on the day 
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Figure 2. (a) Temperature altitude profiles above 

Volgograd obtained on 14, 21 and 28 January 1981, 
The dashed line shows the standard profile CIRA 
1972. (b) Altitude profiles of temperature dif- 

ferences AT * T meas. - 


with excessive absorption does not show any peculiarities. Wc should like to 
call attention to this result, since a rise of the temperature is often con- 
sidered as one of the most important causes of the winter anomaly because it 
must reduce the ion clustering rate which, in its turn, must cause a decrease of 
loss rate and, hence, an increase of electron concentration (see, e.g. SECHRIST, 
1967).- 

The density of hydrated cluster ions which decisively affects the effective 
recombination effective coefficient in D-region is to a considerable extent 
dependent on the water vapour content of the medium (cee, e.g. SEGiRIST, 1970), 
Figure 3 (FEDYNSKI and YUSHKOV, 1979) displays water vapour density profiles 
obtained above Volgograd on January 10 and on February 2, 1978. The day of 
January 10 may be considered as an anomalous one (according to data from Moscow, 
mean of five near-noon values f Q £ n “ 2.5 MHz) while the day of February 2 is a 
normal one (f . « 1.3 IDiz). One may see that the water vapour density on an 

anomalous day^is considerably lower than on a normal one: at 60 km altitude it 

is 6 times lower while it is 3.5 times lower at the altitude of 80 km. In this 
way, it seems that this result confirms the idea that the water vapour is one of 
the most important factors determining the election density increase and 
excessive absorption in D-region. Water vapour density was also measured in 
January 1982 (Figure 4) — the profiles have been obtained on 13 and 19 January 
1932 at night at x “ 145° and 144®, respectively. Within the measurement 
accuracy these profiles coincide with that obtained in quiet winter conditions 
on 2nd February 1978 also shown in Figure 4. Yet, the absorption was rather 
high on these days in Volgograd (at 2.2 MHz about 50 and 40 dB). This suggests 
that it was not water but other factors that determined the lower ionosphere 
conditions during this period. 





Figure 3. Water vapor density altitude profiles above 
Volgograd on anomalous (10 January 1978) and normal 
(2 February 1978) days. 



Figure 4. Water vapor density (U^O) altitude pro- 
files above Volgograd on 28 and^lO January 1982 
(X “ 145° and 144% respectively). The profile of 
2 February 1978 is shown for the sake of comparison 
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Thus the experiments in Volgograd in January 1981 and January 1982 show 
that both the temperature of the mesosphere and the water vapour density may 
serve only u6 additional factors and not as decisive factors which determine 
excessive anomalous winter absorption occurrence at midlatitudes. 

DISCUSSION 

First of all it should be borne in mind that whatever hypothesis we accept, 
it should explain all above mentioned peculiarities of the phenomenon. In 
agreement with other authors (OFFERMANN et al . , 1982; BREMER AND LAUTER, 1982) 
we think that the enhancement of nitric oxide density is the main cause of 
electron density enhancement in the midlatitude lower ionosphere. We believe 
that nitric oxide is produced mainly at the ionospheric E region level, with 
highest rates at. high latitudes and particularly in the auroral rone under the 
influence of precipitating particle (electron) fluxes. 

More or less intense particle precipitation occurs pcimanently in the 
auroral zone, so that the density of NO caused by this precipitation has all 
features of the fluxes themselves, namely a very high time variability and 
spatial inhomogeneity (these features are to a certain extent smoothed out 
during the air transport). The. auroral zone air being rich in NO is transported 
towards midlatitudes due to a stable winter cyclonic circumpolar vortex. As it 
moves the nitric oxide produced at high latitudes at an altitude of 90-100 km 
may be transported by turbulence and vertical motions towards lower altitudes 
(70-80 km) and it may produce there the above mentioned effecti. 

As there any experimental facts which might prove this assumption? 

First of all let us consider the data on air circulation. 

Constant pressure maps for the North H«ni sphere plotted with a one week 
time resolution for every 5 km in the altitude range 35 km to 60 km are 
regularly issued by the Central Aerological Observatory (ATLAS, 1982). Figure 5 
displays the naps of 60 km altitude for three weeks of January 1981, using geo- 
magnetic coordinates. The dashed circle at a latitude of ^ ** 67° gives a 
visualization of the auroral zone position. Points at this figure show 
positions of the observations 1 stations. The wind at these altitudes may be 
considered as eye lo-goostrophic , so that air is transported along the isobars. 
One may presume that the circulation picture in general outlines the same at 
greater altitudes. 



magnetic coordinates). The dashed circle drawn at $ * 67° indi- 
cates the auroral zone. Each isobar is labelled by its pressure 
(in mil libars) . 
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partially explained by a wore sensitive equipment of the Moscow station, while 
Rostov-on-Dov is the lowest latitude station of all European stations of the 
Soviet Union. Besides, the growth of f - n values at these two stations is 
slower than at other ones, taking more than one day. 


JunjiAT 
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Figure 7. (a) fmin (cos X - 0,2) values at a number of Soviet stations 
on tl-17 January 1981. The thick horizontal lines show the position 
of the month by medians. K - Kaliningrad, M - Moscow, R - Roctov-on- 
Don, A - Arkhangelsk, G - Gorky, Sv - Sverdlovsk, Sa - Salekhard, 

A-A Alma-Ata. N - Novosibirsk, Y - Yakutsk. 

(b) Afrain, the maximum difference of fmin values for two successive 
days during the period 11 through 17 January 1981 for the stations 
shown in Figure 7a. 


Midlatitude absorption changes (of f . values) compared with constant 
pressure maps for January 1982 during a nu^Qal winter period free of excessive 
absorption occurrence also reveals a close relation between the two phenomena: 
f . values are greater when the path along the isobars from the auroral zone 
to 1 ?hc observation station is short than in a case when this path is long 
(FAKHOMOV et al., 1983). 

So, our hypothesis explains all the peculiarities of the phenomenon — both 
the normal winter anomaly and the excessive one. In order to verify and to con- 
firm the suggested hypothesis it is necessary to specify the character of 
circulation on levels of the mesosphere and of the lower thermosphere. Nitric 



oxide, water vapour and ozone densities in different geo-hcl iophyiical 
conditions for different latitudes should be knotn more precisely, too. 
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AUTUMN AND WINTER ANOMALIES IN IONOSPHERIC ABSORPTION 
AS MEASURED BY RIOMETERS 

H. Ranta 

Geophysical Observatory 
SF-99600 Sodankyla 
Finland 


Seasonal variations of ionospheric absorption have been studied using 
riometer (A2) measurements over a vide latitude range (Figure !)• In agreement 
with the results of earlier studies of Al radiovave absorption, equinoctial 
maxima of approximately equal amplitude are observed in the auroral zone and 
near the equator. However, at intermediate latitudes riometer absorption 
maximizes during the fall season, whereas the Al data show a semi-annual varia- 
tion with maxima occuring in summer and winter (Figure 2). The autumn anomaly 
in riometer absorption is observed at much higher geographic latitude in the 
southern hemisphere, but at comparable geomagnetic latitudes in both hemi- 
spheres, The winter anomaly was seen only in absorption values calculated at 
constant solar zenith angle (Figure 3)* 


LINES OF CONSTANT L (forth ro<J»i) 



Figure 1. Location of the riometer stations. 
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Figure 2. Variation of the total ionospheric 
absorption measured by riomcters at different 
geographic latitudes in the northern Hemisphere, 
For Finnish stations the monthly mean absorp- 
tion values are used, for the other stations 
the monthly mean absorption values at 12 and 
2U LT. 



Figure 3, Seasonal variation of ionospheric 
absorption at constant solar zenith angle. 
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WINTER ANOMALY 1982/83 IN COMPARISON WITH EARLIER WINTERS (1960-82) 

J. Lflfitovicka 

Geophysical Institute 
Czechoslovak Academy of Sciences 
141 31 Praha 4, Czechoslovakia 


The winter anomaly in the winter of 1982/83 is compared with the winter 
anomalies of earlier winters (1960-82) from the point of view of amplitude and 
timing of the winter anomaly, and geomagnetic and dynamic activity influences. 
Some evidence of a negative influence of sudden stratospheric warmings on the 
winter anomaly is given. 

Ionospheric absorption of radio waves has been measured continuously since 
1960 at the Panska Ves Observatory (Czechoslovakia) by the A3 method. The 
measurements have been performed on four A3 paths situated in Central Europe 
(see Table 1). 

Figure 1 shows the year-to-year variability of the magnitude of the normal 
(background) winter anomaly (L / L - win ter/ summer ratio of absorption) over 
the period 1960-83. The L w /L r ratio is calculated as the ratio of the 
absorption in the month of maximum winter anomaly to the mean absorption for the 
summers (June, July) before and after the winter in question. The 1539 kHz data 
are computed from values measured at x * 75°, other data are mid-day (noon 
i2.5h) mean values derived from monthly half-hour median values of absorption 
reduced to the January solar zenith angle. 

The winter anomaly phenomenon occurs every year (Figure 1), but its 
magnitude displays a pronounced year-to-year variability. The magnitude* of the 
winter anomaly in the last winter (1982/83) appears to be very low and is 
expected to remain low even after the expected increase of L^/L g when 
including the forthcoming summer 1983 values. 

Figure 2 shows the development of radio-wave absorption at 6090 kHz and 
1539 kHz, measured at Panska Vcs at \ " 75°, and the development of geomagnetic 
activity in the winter of 1982/83. Unfortunately, the 6090 kHz data were less 
reliable during this winter due to technical problems. Geomagnetic activity was 
very High this winter, the highest being observed in February. The monthly 
medians of absorption (short bold horizontal lines in Figure 2) display a 
maximum in February as a response to the highest geomagnetic activity. The 
winter anomaly maximum in February is rather exceptional. It has only been 
observed in 3 winters of the 23 winters studied, always in relation to high 
magnetic activity. In spite of high magnetic activity, the main period of the 
stratospheric warming related reversal of the prevailing zonal wind observed in 
Central Europe (Collm Observatory - SCHMINDER, 1983) is reflected well in the 
1539 kHz absorption in the form of a deep decrease of absorption, as expected. 

Summarizing, it can be said that the winter 1982/83 is not suitable for 
studying a "pure meteorological" winter anomaly because of very high magnetic 
activity, but it supports my recent conclusion (e.g. LASTOVICKA, 1983) about the 
negative influence of stratospheric warmings and associated reversals in zonal 
winds in the upper raesopause region on radio-wave absorption. 

There is further evidence of the negative influence of stratospheric 
warmings on absorption. In winters with major stratospheric warmings (Table 2), 
the winter anomaly maximum has been observed in a month other than the strato- 
spheric warming maximuni There is only one significant exception — the most 
untypical winter of 1979/80 — when both maxima were observed in February due to 



Table 1 


TRANSMITTER f(MHz) f (MHz) REFLECTION POINT PERIOD OF 

L C'(N) A (E) RELIABLE WORK 


Kiel 2.773 

Norddeich 2.614 

\uxemburg 6.090 

eutschlandf unk 1.539 

. 1.0 
0.8 
2.1 
0.65 

53*27 ' 
52*08 ' 
50*04' 
50*16' 

12*27’ 

11*00’ 

10*18’ 

11*47' 

1960-1973 
1960-1973 
since 1971 
since 1978 

Table 2. 

Vinter anomaly maxima in winters with major stratospheric warmings. 
Dates of stratwam maxima after FINGER et al. (1979), LABITZKE et 
al. (1981) and LABITZKE (1981). x - specific distribution of 
magnetic and stratospheric activity. 

WINTER 

STRATWARM 

2775 kHz 

2614 kHz 

6090 kHz 

1539 kill 


MAXIMUM 

MAXIMUM 

MAXIMUM 

MAXIMUM 

MAXIMUM 

62/63 

27 Jan 

Dec 

Dec 

_ 


65/66 

31 Jan 

Dec 

Dec 


.. 

67/68 

1 Jan 

Dec 

Dec-Jan 


_ 

69/70 

2 Jan 

Dec 

Jan 



70/71 

7 Jan 

Dec 

Dec 


_ 

72/73 

6 Feb 

Jan 

Dec 

Jan 

_ 

73/74 

3 Mar 

- 

- 

Jan-Dec 

_ 

74/75 

2 Mar 

- 

- 

Jan 


76/77 

4 Jan 

- 

_ 

Dec 


78/79 

25 Feb 

- 

- 

Jan 

Jan-Dec 

79/80 

29 Feb 

- 

- 

Feb x 

Feb x 

80/81 

6 Feb 

- 

- 

Jan 

Jan 


r j 



Figure 1. Long-terra variability of the magnitude 
of winter anomaly, 1960-83. I^/L s , winter/ summer 
ratio of absorption, reduced to the same level 
of the "no-anomaly" absorption ratio (horizontal 
line at the bottom). Vertical arrow, the 1982/83 
value is expected to increase a lttle after in- 
cluding the summer 1983 values. 
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Figure 2. Development of radio-wave absorption fit 
X ** 75° and of geomagnetic activity (only > 10 
is shown) in the winter of 1982/83. The periods 
of stratwara-associnted reversals of the pre- 
vailing zonal wind in the upper mesopause region 
(observations at Collm - SCHMINDER, 1983) are 
shown, too. 


specific distribution of geomagnetic activity and minor stratwarms during this 
winter. The *Wtual incompatibility" of the winter anomaly and major strato- 
spheric wanning maxima is still more important for winters with the major 
stratwanu maximum in January. The winter anomaly maximum in winters without a 
major stratwarm (10 winters) has been observed in January, while in winters with 
the major stratwarm maximum in January, the winter anomaly maximum has been 
observed in December (Table 2). Consequently, the occurrence of a major strato- 
spheric wanning appears to be followed by a decrease, not an increase, of 
absorption (i.e. of winter anomaly). This agrees with LAST0V1CKA and TRISKA 
(1982) and LASTOVICKA (1983). 

In conclusion it can be said that major stratospheric warmings and related 
changes in the prevailing zonal wind in the upper mesopause region decrease the 
magnitude of radio wave absorption and winter anomaly. The winter of 1982/83 
supports this conclusion, even if this winter is not suitable for studying a 
"pure meteorological" winter anomaly due to the very high geomagnetic activity 
in this winter. 
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INTRODUCTION 

Recently it has become clear that the phenomena in the ionospheric P— region 
are determined to a great extent by dynamical processes in the strato-mesosphere 
and lower thermosphere. It is these processes that significantly influence the 
distribution of the minor neutral constituents and the whole ionic composition 
of the middle atmosphere, regulating the ionisation-neutralization cycle of the 
D-region. In this respect much attention is paid to the study of the winter 
anomaly (WA) phenomenon on medium and short radiowaves, in which the 
meteorological character of the lower ionosphere is most prominent. Significant 
experimental data about the variations of the electron concentration, N, ion 
composi t ion, temperature and dynamic regime during WA permit a better under- 
standing of the character of the physical processes in the middle atmosphere. 

WA is recorded as an abrupt increase of absorption L of the middle and short 
radiowaver on different winter days caused by a significant growth of K 
predominantly in the 75-90 km region with a steep gradient in the 80-85 kn 

interval , WA is usually observed at middle latitudes of both the Northern and 

Southern Hemispheres, and is best recorded in the frequency range f. * f cosi * 

1-2 MHz, where is the equivalent frequency of the incident radiowave with a 
frequency f at angle i. This is confirmed by Figure 1 where we have presented 
the results of the absorption measurements in the Sofia ionospheric observatory, 
along the paths 

Fristira-Sof ia (1412 kHz/170 km; f. - 1.1 MHz) 

Greecc-Sofia (4050 kHz/320 km; f) m 2 MHz) 

All measurements refer to a solar zenith angle \ - 78.5° (cos v * 0,2), 

The seasonal variation shown in Figure 1 allows a quantitative estimation 
of WA magnitude by calculating the excess of the winter absorption value, L , 
over the summer one, L g . in this way the L^,/!.,. ratio, obtained in W 

experimental and theoretical ways, will serve as a criterion for comparing 
the different physical models of the middle atmosphere. 

‘ the purpose of the present report is to evaluate the influence of the 
neutral wind on the seasonal variation of the electron concentration N for the 
altitude interval 90 < z < 120 km, where the ratio v. /. . , 0 f the ion- 
neutral collision frequency, and the ion f.yrof req2enc-y , j decreases 
from 40 to 1. CIRA-72 is used as a model of the zonal wind. 

THEORETICAL MODEL 


The distribution of the electron concentration N in ionospheric regions D- 
and E- is described by the balance equation: 


•N 


iN" - div(N v ) 
c 


( 1 ) 


where q is the electron production rate, » the recombination coefficient, and 
% the mean electron velocity. Due to the neutrality of electrical charge the 
following equation holds: 


d iv ( K v , ) 


div(N v^) 


/ 


) 



( 2 ) 
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Figure la. 


Figure lb. 


i.e. ion velocity should be investigated instead of electron velocity. Then, if 
we assume the three-component model of the ionosphere (neutrals, heavy positive 
ions and electrons) it becomes necessary to determine the ion drift velocity as 
a function of the neutral wind, geomagnetic field and r. - v- / If 
seasonal variations of the neutral wind for different altitudes are known and if 
the preliminary model for q and a is determined and conditioned by iono- 
spheric chemistry in different months, then it is easy to find the seasonal 
distribution of the electron concentration. 


If we neglect the pressure gradient and electric field forces, the macro- 
scopic notion of heavy positive ions in a collisional ionosphere with 
geomagnetic field is described by 


dv./dt * v^ n (v - v^) ♦ (e/n^Mv^ x tf] (3) 

where c and n . are the charge and mass^of the ions, the ion drift velo- 
city, v the neutral gas velocity, and B the local geomagnetic field. Under 
quasi-steady conditions the ion velocity is determined from (3) as follows: 


Cl + ri 2 ); 1 ( r V ♦ 


,] + (v 


h) 


1 J-l 


(A) 


where R - 3„C and r • - 1 . Fron (4) it follows that V; is strongly 

influenced not only bv the different neutral winds at different altitudes, but 
also by the strong altitude dependence of r.. When r^ >> 1 there is a full 
drag of iens by the neutrals, and v. v. This holds between 60 and 90 km. 

In the height range from 90-100 to lAO km, is of the order of 1, and this 
region is known as the transition region (AXFORD, 1963). There 


(1 ♦ rj 2 ) -1 Cr. 2 v ♦ .r.[v x Cl). 


(5) 


Finally, when r^ << 1, then v ^ ■ (v * >)>. 

The quantity of the ion flow is measured by the convergence of the ion 
velocity. If v^ is given by (5), then 

div v\ « (1 ♦ rj 2 )" 1 (r. 2 div ♦ r^^rot v)) + 

+ (1 + r^ 2 )” 2 (2r -v + (1 - r^Mv x Cl) Vr. ((>) 



) 


V ^ . - 
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Experiments indicate that the horizontal neutral wind components usually are an 
order of magnitude or so greater than the vertical component, while the vertical 
scales appear to be the sane for the three components. Hence we can take 
v - (v x# v , 0). We use the standard coordinate system in which the x-axis 
points to geomagnetic east, the y-axis to geomagnetic north, and the z-axis 
vertically upward. A horizontally stratified ionosphere is assumed. For 
altitudes 90-100 km, from (5) and (6) follows 


l r £ / ( 1 


z » 


•y v x 


(7) 


•V / •* - It /a ♦ r 2 )} , v /,z ♦ [(1 - r 4 -)/(l ♦ r.-) 2 l , v .r / 

1/ l 1 y x i i y X I 

As we are interested in the seasonal course of N for the respective altitudes, 
we have to solve the quas i-stationary equation (1): 

2 

o 1 "* r . 

•'N“ + [ ly /(l «■ r.^)] r. vjt *' — r./z ♦ r.pv^ H - q - 0 (S) 


where the altitude profile of N is taken in the form N(z) * N exp(pz) 
( VEL1N0V et al., 1974). 0 


In the height range 115-120 kn, the full ion velocity or the equation (5) 
is used. Then the redistribution of electron concentration is influenced not 
only by the zonal but also by the meridional wind. Then: 


v xz ■ V (I + r i )1(r i v x + Vy } 


(9) 


iy. 

1Z 


dr . 


1+r . 


i 


+ > + 

1+r , 


\z l(1 ' r f >'* - 2 V* V V 1 3 


From (9) it follows that the influence of the meridional wind increases with 
increasing altitude. 


NUMERICAL RESULTS 

We are interested in the influence of the neutral wind on the seasonal 
course of absorption of short radiowaves, where the WA is clearly felt. Our 

attention is drawn by the courses, shown on Figure 1. As some of the radiowaves 

are reflected below 100 km, other between 100 kn and 110 kn, it becomes 
necessary to consider the altitude range from 90 km to 110 km, and to determine 
mainly the influence of the zonal winds on the seasonal course of N. Assuming 
that L ' N, we can compare theoretical and e:,erimental results. Froo C1RA-72 
we obtain a monthly value of the zonal wind and wind shear for altitudes 90, 95, 
100 and 110 kn, for * 40°N. We include them in equation (6) and solve it. 

For altitudes 100 km and 110 km we used data for the meridional wind from HANSON 
ct al. (1961), for January, February and March only. Their influence on N is 
slight. As the absorption is an integral characteristic, in order to be able to 
compare the seasonal course of L.,. ? with the course of N it is necessary to 
add the seasonal courses of N, intluenced by the zonal wind lor the altitudes 
90, 95 and 100 kn (Figure 2). The influence of the zon^l wind on WA is obvious, 

conditioned by the model of i and q. If the latter increases the winter values 

of N over the summer values by 16*, then if we add the wind this increase is 
augmented up to 25*. The experimental results show an increase by 30*. 
Theoretically obtained seasonal course of N in Figure 2 clearly shows the 
oxper imcntnl ly obtained secondary maxinun in Hay and minimum in July, as veil as 
the sharp increases of N from October to November, known as "October-cf feet M . 
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N (90 *100 ) 



10*Nlcm , ]j 

2.0 1 


N 19 0-110) 
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Figure 3. 


The same is done for the second radio path, and influence of N 

by the altitude 110 km is added. Figure 3 shows the seasonal course of the 
average N. The increases of the winter values are about 382, but considerably 
lower than experimentally observed. This may be due to the above mentioned 
model of q and a. The neglect of the influence of the electric field makes 
itself felt stronger at these altitudes. Figure 3 shows well the simmer 
maximum, which is clearly seen on Figure lb. 

The theoretical results compared with experimental results arc encouraging 
and clearly show the influence of the neutral atmosphere dynamics on the 
seasonal variation of the electron concentration, S. 
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INTRODUCTION 

The frequency dependence of the winter anomaly (WA) of radio wave absorp- 
tion (LAUTER ct al., 1976; FRIEDRICH et al., 1979; VELINOV, 1975; SCHWENTEK et 
al., 1978; and NESTOROV, 1965) indicates the altitude range where the considered 
seasonal variation of absorption, L, takes place; 75-95 kn. In this height 
region considerable seasonal variations of ionic composition and effective 
recombination coefficient, a , exist, which can cause seasonal variations of 
electron concentration, N, a^id absorption, L* In this paper we shall attempt to 
render a qualitative estimation of the normal WA, i.e, the increased ratio of 
winter over summer absorption, L /L g , at medium latitudes 40° and 50*, for 
solar zenith angles x “ 60° and V5°, and compare this with existing experi- 
mental data. 

IONIZATION RATE PROFILES 

As it is well known, non-deviative radio wave absorption is determined both 
by the electron density profile, N(h), and by the collision frequency. Existing 
data prove (e.g., SMITH et al., 1978) that the seasonal variation of collision 
frequency at medium latitudes iG insignificant. Therefore the observed increase 
of L / L must appear as a result of enhanced N under winter conditions. 

Profile! of ionization rate, q(h), needed tor the calculation of N(h), are shown 
in Figure 1 for January and July (A0°N, x “ 60°) at low solar activity 
<F. 0 7 - 90), They are composed of ’(a) ionization by Lynan-u radiation, 
calculated by 

q N0 + “ hi °N0 [N01 exp{-Ch( Xp h)N 0i (h)o 02 } 

_io 2 —20 5 

where - 2 x 10 cm and -10 cm , and 

I L " - 4.3 + 1.5 x 10 -2 < f 10>7 " 80) erg/cn 2 s 

(b) ionization of obtained fren PAULSEN et al. (1972), 

q + - [Ojd*,)! X (0.54 X 10~ 9 expl-2.406 x 10" 20 H : (h)Ch( x ,h)l 
- g 

♦ 2.615 x 10' 9 expl-8.508 x 10* 10 N (h)Ch( ,h)]J 

°2 

(c) ionization by X-rayB (A <10 A), found from 


q(h) - k x E l n i (h).; i x exp(-j; i N i (h) oi ^ Ch(x,h)) 


) 


v*; 


' - 
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where i “ 1 , 2 stands for 0 2 and N 2 , k^ is the ionization coefficient,^- 
and 5 -^ are the ionization and absorption cross sections, respectively. 1 

MODELING OF THE IONIZATION-RECOMBINATION CYCLE 


After determining the q(h) profiles ve proceed to determine a (h) in 
order to construct N(h) profiles. Presently, theoretical models of the D region 
are developed in two directions: Simple models (MITRA and ROWE, 1972) and 

detailed models (FERGUSON, 1974; REID, 1977). The latter are of great 
scientific value but a number of processes are still insufficiently known. The 
main shortcoming of these schemes, however, is in that they require much 
computer time so that they are unfit for practical use. In view of this it 
seems necessary to develop a model of ionization-recombination cycle which 
includes the advantages of the two kinds of models, i.e., relative simplicity 
under physical suitability (SMIRNOVA, 1982). 

• The proposed hybrid scheme of ion chemistry is shown in Figure 2. It con- 
sists of four ions; 0 2 , NO , CIj , and Cl * where CI + means 
cluster ions. TJie simpler cluster ions. Cl * are formed from the primary 
10 ns, 0 2 and NO , with formation rates B(oi ) and B(NO + ), 

respectively. These rates appear to be effective parameters expressed by the 
rate constants in the detailed scheme (REID, 1977) and by the concentration of 
the neutral components involved. The more complex cluster ions, CI_ V , are 
then formed from Cl. . The formation rates are calculated from the 2 
formulae: 


B(NO + ) - rjlH 2 0 ][N 2 ] 4 C - 1 r 2 [H 2 J 2 r 4 [H 2 0 ] 4 


♦ r 6 [H 2 0](r r [C0 2 )[N 2 ) + C 1 r,[N,] 'r 3 [C0 2 ] )/(r_ 5 lN 2 J 4 r^O)) 


vith C - r_ 2 [H 2 ) 4 r 3 tC0 2 ] 4 r^llIjOj, and 

k l ,0 2 )2 + V K 2 ]2 


B(0, + ) 


{k 2 (°J + k 3 (0 2 ( A r )J 4- k_ 1 [0 2 ]/k 4 (II 2 0)) 4- 1 



) 
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Figure 2. 


All the coefficients r. v 

temperature dependence of tAe rntpc 1 ! *** tcn P er ° turc “dct endent . The 
section): BOW*} is proportions! to d J» e ?J n t (cf. the next 

portional to T * vnereas ) is pro- 

Of its calculations? 5 TheLf fect'ive^e^onbinat ^ scheme consists in the simplicit; 
from the ion composition calculator recombination coefficient, a t „ resulting 
on T and on (H-, 0 ). l n Figure 3 calculi 6c ^ e * includes both a dependence 

TEMPERATURE DEPENDENCE 

.. , The temperature dependence of the lifetime of N0 + t + - 1 /r. + ■ 

the temperature range 120—230 g i, QC « . . * ^NO *• ^\*o i in 

volume. Figure 2 on page IQ) It T? b * en shown herp (DANILOV, this 

REID's (1977) model ? In thit ft* WB6 calculatcd b y the formula derived from 

wpHj, llzris fL K ol -LLL’o-^„?L"\L lab f en 1 Li* f ? r l 'l ?° 1 * 

cm . Thp full .2 ^ with a fixed (Hj * 2x10^ 

measur Jentf of positive icn^rnJ >t- deteminei fro ° simultaneous 
(ARNOLD, 1980). The theoretical iLLr 1 ?"' e ^ CCtr0n densit y> and temperature 
reproduces ARNOLD'S (I960) experimental daL. Ton TSLfLff? 0 .? 


reprbduces ARHOLD' s (1080 jLxper inL talent ° ° f B(,;0+ > 

rsfTss ; " 5; " 

range 180-230 L. Comparison of curves 1 and 2 shows that th 



Figure 3, 
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influence of humidity on B(NO ) is considerably only in the range of high 
temperatures. The seasonal variations of fc(NO ) at medium (40*N) and high 
latitudes, calculated for temperatures and densities taken from the CIRA-72 
model have also been presented here (DANILOV, this volume, Figure 3 on page 
together with B values experimentally determined from iyn composition measure- 
ments (DANILOV and SIMONOV, 19B1 ) . The theoretical B(NO ) curves are in good 
agreement with the data obtained in summer midlatitude experiments, how B 
values under winter anomaly conditions are caused by an rncreaBe of T, which has 
been measured during the West European Winter Anomaly Campaign and other experi- 
ments. Large values of B in summer high-latitude experiments conducted under 
disturbed conditions can be explained by a large conversion rate of 0 2 ions 
into CI + under low summer temperatures. Larger values of B at the occurrence 
of noctilucent clouds result from a combination of low temperatures and hig 1 
humidity. 


ELECTRON DENSITY AND L w /L g 

N(h) profiles have been calculated with q(h) as described above, and with 
a from the hybrid ion composition scheme, taking temperatures and density 
profiles from the CIRA-72 model, two variants of the water vapor concentration 
<IH,0] “ lxlO* 6 l M] and [lUOl - 5xlO"°lM]), and with recombination 
coefficients u + - 2 .SxlH O00/T) 0 and a + - 1.9x10 7 (300/T) U -> 
after MUL and MCGOWAN (1977). The results arC presented in Figure t*. Nth; 
profiles obtained in this way were used in the calculation of absorption L of 
radiowaves at an equivalent frequency of 1 MHz. The results of these calcula- 
tions are given as winter-to-summer ratio, L /L g , * n Table 1, for 
and a^+ after MUL and MCGOWAN 0977), and for another model with ** H0 + - 
4 x 10 _7 ?300/T) and « 2xlO“ r (300/T) after LEU et al. (1973). Table 2 
gives experimental dSta of seasonal absorption variations on radio paths with 
comparable equivalent frequencies. It is remarkable that the higher- latitude 
paths have a greater degree of manifesting the normal WA than the raidlatitudc 
paths. A greater seasonal L variation of the northern paths may be expected 
from larger seasonal variations in T, (NO), and air density. 


DISCUSSION 

Regardless of the fact that the calculated L w /L G ratios cannot be 
exactly compared with the experimental data because of the differences in 
latitude, f , and x» yet allowing for the tendencies of L w /L g with x an( * 
latitude thc^resul ts obtained in this paper can be considered as fully 
reasonable. From the fact that the excess of L y over L g is obtained already 
with very close q(h) profiles (q 5 'q ) it can be concluded that in order to 
explain the normal component of the WA, it is not necessary to assume an 
enhanced ionization rate, q, but only a decrease of a c as a result of a lower 



Figure 4. 
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Table 1 


u(NO t ), u(0., + ) 

Leu, Biondi a. Johnson 

Mul and McGowan 

[HoO) 

[H^O] 

1 x 10 " 6 [M] 1 x 10 ' 6 [M) 

1 x 10 - 6 (h] 5xl0-&[M] 

lxlO'^lH) 1 x10“^IM) 
1x10 _ “[M) 5x10' 6 (MJ 

L u 40*N, x - 60° 
50°N, x - 78.5* 

1.5 1.77 

2.0 2.12 

1.67 1.96 

2.2 2.42 


Table 2 


f,kHz Radiopath/Distance 

♦ref!'' N “ 

f 

c 

cos x 

L /L 

w s 

4050 Greece-Sof ia/320 km 

41.3 

2 

0.2 

1 # 9 

2831 Cuburg-Graz/502 

49.1 

1 

0.26 

2 

2775 Kiel-Neustrelitz/395 

53.6 

1.9 

0.2 

1.7 

2775 Kiel-Panska Ves/520 

52.5 

1 

0.2 ;0 

1.5; 1.4 
2 . 2 ; 1.1 
1.5 

2614 Norddeich-Neustr ./320 

53.9 

1.2 

0.2 ;0 

1554 Nice-Roburent/80 

44 

1.5 

0.2 

1412 Pri stina-Sof ia/170 

42.7 

1.1 

0.2 

1 .4 

1223 St. Zagora-Sof ia/200 

42.5 

0.8 

0.26 

1.2 

1178 Hor by-Kuhlungsb./218 

54.9 

0.8 

0. 2 ;0 

1-7; 1.2 

1730 Lindau Al 

52.6 

1.7 

0.2 

1 .6 

Ushuaia Al 

-55 

1.7 

0.2 

2.2 j 


Cl formation rate in winter when temperatures are higher and air densities 
lower than m summer, 
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SEASONAL CHARACTERISTICS OF MESOSPHERIC PLASHA AND THEIR TRANSITIONS 
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DDR-2565 Kuhlungsborn, CDR 

... , The I “ in *ea 80 tul features of the middle atmosphere are arising from the 
fferent dynamical basic states in winter and simmer. The development of the 
two controversial circulation systems and the also different peculUrities of 
transition between them in spring and autumn create the completely dominant 
easonal variations in strato- and mesosphere. Even in the plasma structures of 

of ^ 6easonal va “ation is towering above the amplitudes 

n . , . a * influences. Therefore, the conventional monitoring of the 

: propagation methods is still important for the explora- 

of Action ir^r« C P " Ce ® Eca « ««o«Pher« and lower thermosphere and the nodes 
f action in the stratosphere. Due to the activities of the ICY and IQSY there 
are now available long series of such data for Middle Europe (50°-60*H) in Iono- 

( Netherlands ) C and V " P /« L T’ 8 ," (FRG) ’ ZISTp -° IF Kuhlungsborn (CDR). de Bilt 

nd M , d Uppsala (Sweden). From standard ionospheric sounding, from A1 

existence nf P - 0n -r- a8UreCent£ a " d £r0n windfl in the neteor «e known the 

siinificnnt e “"f 6e ° S °? al D_ and E-region effects, adhering to equally 

100 to structure changes in the neutral gas in the height region from 20 


to 


1 a„d V '9 ha v e prized results about such typical seasonal features in Figures 

eive th WlnE 8t flrSt thB SeCt ° rS 0f rc P rcsen tation in Figure 1 we nay 

give the following statements: J 

!Dorsdir i F'i latit;UdC . S “ pronounced increase of the occurrence probability of the 
end of a E_lay fcn^ 1StS ln suncer * lasting from the beginning of May up to the 
130 rlays)! UEt (SPRB * GER * 1981) typical duration time (TDT) of the phenomenon 

four se„« he " eteo !*” ind “gion there exists a regime, which can be described by 
r seasonal periods (SPRB1CER et al., 1974; GREGORY et al., 1982): Two vest 

svstemR El R dS correspond to the main development of the stratospheric circulation 

snhe« to ePre8e h E - • UPPef boundar y o£ the "niform circulation from tropo- 
reeion . 71" tn winter, rather stable west winds exist in the 90 km 

solstLe (?DT 8 140 d l tOW r rd8 MarCh ’ culrainatin E in intensity around winter 

hnloni V TDT f, 140 d ? ys) * A secon d west wind period from Hay to September 
th! co?d “ fluctuatl ”£ thermospheric circulation, existing within and above 
su n T' nea °P aua V Two rather significant transition periods are 
separating these two wind regimes. The most pronounced one is the wind reversal 

Anr l ^’Th"; e3St d “ indS - fr .° a H3rCh 15 tiU Kay 10 > “ i£b a -ximua around 
and la t rOc t h oh ^ ranSltl ° n . P0rl0d ° CCurs in autuffln be£ w«n early September 

S . Lm W , lth Appearing westerlies and calms in the zonal circula- 

te tidflwinrf"’ 10 " peri0ds are reacti »8. with significant phase changes in 
. ldal W1 d e ° n P°nents, on thc decrease or reversal of the zonal circulation 
m the mesospheric wind system below. circulation 

(3) The most remarkable seasonal feature of the D-region is the ionization 

our^a^t^ *f thC hel£ ^ recion fron 60-100 km, the winter anomaly, lasting in 

days) It is best V oh y Ut d 0ct ° ber up £o thn £irst days of March (TDT 130 

days). It is best observed on frequencies around 1.8 MHz (Figure 1c and Fieure 

the E-laver ent An a - e ^ “a 01 ? D " region * when they are reflected at the bottL of 
the E layer. An increased electron density gradient at the bottom of the D- 
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Figure 1. a) Lower thermosphere: probability of E 
occurrence; b) Meteor winds; c) Upper mesosphere 
(86 kn), high frequency absorption (full line), 
variation of NO content in respect to Autumn (dots); 
d) Pressure at 80 kn from rockets (full line) and 
from VLF phase height (dots); e) Circumpolar zonal 
circulation at 30 mb; f) Planetary wave amplitude 
at 30 mb. 


region acconpanies this phenomenon, which is thought to be produced by an 
enhanced content of nitric oxide in and above the winter-time cyclonic polar 
vortex. From low. frequency phase height. analysis ve can find an estimation for ■ 
the seasonal trend of NO increase in 86 km, relative to normal autumn conditions 
(LAUTER et al., 1983). The dotted trend in Figure lc informs us that a IJO 
increase by a factor of 2.5 in this height may describe the anomalous ionization 
around winter solstice. This extreme ionization enhancement in winter is 
followed by an ionization deficit in spring, when on all frequencies (Figure 2) 
an absorption minimum occurs. 

(4) In mid-latitudes the pressure at 80 kn undergoes a rather continuous varia- 
tion as to be seen from the ■ Volgograd rocket results (Figure Id), the winter 
minimum of pressure corresponds to the maximum of the mesospheric circulation. 
There is a rather fast transition towards a pressure maxjjnum- in spring (April), 
shifting to late March with greater heights. Analyzed for the same height from 
VLF reflection height observations, the relative pressure variation (dotted 
trend in Figure Id) is in remarkable coincidence with the rocket results, 
demonstrating also the spring maximum and the small but rather steady pressure 
decrease over the whole summer up to October, when the drop towards winter level 
becomes sharper. 

(5) The change of the basic states of the middle atmosphere is, of course, seen 
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best in the. circumpolar zonal circulation, expressed in Figure le in terms of 
the gradient of the 30 mb level between 50°N and the pole (geopotential meters 
per degree of latitude). It is easily seen that the westerlies in winter are 
rather steeply decreasing towards spring, defining a mean reversal date to 
easterlies of April 2 for the last 25 years, Contrarily, the autumn reversal is 
much smoother and more precisely at the very end of August. That means that the 
winter status of the stratosphere has a typical duration time of 215 days in 
comparison with the summer status of 150 days. The latter is caused mainly by 
the radiation transfer of the atmospheric ozone layer and defines the decoupling 
of meso- and stratospheric energetics from the lower atmosphere. The wind 
reversal dates in spring are widely fluctuating from year to year obviously in 
connection. with the quasi-biennial wave and preceding major stratospheric 
warmings, which generally retard the spring reversal (ENTZIAK and LAUTER, 1982), 

(6) As a further important parameter of the middle atmospheric dynamics we show 
in Figure If for the 30 mb-level the mean annual trend of the planetary wave 
amplitude (wave number 1 and 2) relative to its spring and autumn values. It 
can be seen that the duration of strongly enhanced planetary wave amplitudes 
(amounting to three times the equinox amplitude) is from the beginning of 
November to the end of February (TDT : 120), comparable with the duration of 
the winter anomaly. This parameter normally increases rather steadily up to 
mid-winter, but often fluctuates rather heavily afterwards, especially in 
connection with stratospheric warnings. 

Summarizing the results from Figure 1 we may say, that the annual trends of 
middle atmosphere parameters do inform us about significant seasonal variations 
from the stratosphere upwards to the lower thermosphere, but the coupling 
between the presented parameters is not yet vel) explored. For example, we 
expect indeed that the occurrence of sporadic E-layer is connected with wind 
shears, but we have not yet detected a connection between E ,-layer and the 
meteor winds. In the same way we have no clear connection §etveen the tidal 
structure of the meteor winds and the thermal regime of the mesosphere. On the 
other hand we know that a significant coupling exists from middle stratosphere 
to the mesopause region in winter and spring. The development and intensity of 
the ionospheric winter anomaly is dependent on the development and intensity of 
the stratospheric-mesospheric circumpolar cyclonic vortex. The winter anomaly, 
i.e. the enhanced NO-content, disappears rather suddenly when the reversal of 
the stratospheric wind system occurs, during a major stratospheric warming event 
as well as in spring. The coupling of the zonal winds in winter is also well 
detectable up to the meteor region in winter. 

Beside the dominating winter features in the middle atmosphere parameters, 
the significant transitions from winter to summer state in this height region 
have to be considered, .We call these remarkable features the "spring 
singularity" of the middle atmosphere, which includes: 

- The final break-down of the cyclonic stratospheric vortex, i.e. the wind 
reversal to strato- and mesospheric east winds. 

- The disappearance of the upward propagation of planetary waves in the middle 

stratosphere. . . . , 

- The pressure maximum in lower and middle mesosphere. 

- The total disappearance of the winter NO accumulation in the D-region, a 
significant minimum of ionospheric absorption. 

- The well developed temporal reversal of zonal winds in the meteor zone. 

These features of the spring singularity are repeated every year between 
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Diddle of Karth and end of Ayr**, announcing the decoupling of the layer* fron 
the niddle atnoapherr . It l* veil knowu that the atcoer atatr of the eiddle 
atnospherr ha* olio *t«e veil developed properties (e.fc. opposite wind* in oeso- 
• phne and lover tbercosphere, r. -layn cccurirr.ee). It I* ouch tea* Fnovo 
that nlto the 0- region hat a significant ciaster atatut. In fiRure 2 ve have 
therefore represented the annual trends of ionospheric abscrptiou on different 
frequencies* At hi|;h frequencies (Figure 2a) the winter caxuua dominates, A3 
and Al t'CASurecentA have the uce t\ind and comparable e*nptitude, Toward* lover 
fr-qurncw* the A3 (245 Uii) setaientiual variation it prc*rnt with tr-sr.ira in 
winter find »t*rj-.er and fcinita in spring, and autumn. On low frequencies (f « 200 
bHs) a veil developed ticker raitctei of absorption emti, lasting free Hay to 
’Jiptrwber (TDT - 130 days). Thi* enhanced suts'-cr abaorption la coat riiaarkably 
developed on low and very low frequencies. Thit effect of a very lev electron 
denaity gradient at the botton of the D-rejion it already detectable at sunrist 
conditions and it lasting over the full day, Separated by the tyring 
singularity, the reversal cf tl* frequency dependence of ionospheric absorption 
ia a very significant indicator for the transition free winter to aicuser season 
in the D-rrgion. 

A further significant seasonal difference in the plasm* state of the ceso- 
aphere i* the fact, that the mLluer.ce of solar activity upon D-repion ia nuch 
core pronounced in sinner than tn winter. Free 30 year* of D-region observation 
ve find correlations with the solar activity of r l 0.9 in simaer and r < 0.6 in 
winter months. This fcive* evidence that the winter D-region structure ia such 
core dependent on the internal atmospheric procease* than the summer one. 



Figure 2. The annual trend of ionospheric 
abaorption on different frequencies. 
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pUnetary .c.ji |^ n P 0, Pbere during winter because 

we.t. U is during thie t M o e ^ h mv.il.ng winds are froo the 

disturbances" are observed “ieh umLte,v\ , «"-inov„ Wwinter 
Ateosphcrr. The nechamco of these !“ ! ,» ! ‘ of “•« Kiddle 

end it will be one key probl™ to be itudied t0op, * te, l r understood 

rrograa). ‘° tf ,tUd,rd wltl,ln “>« »» f (Kiddle Atno.phcre 

»ho«> in thU paper^o'dmonat ra teethe f a* ^ *° “ Pr< ‘ r c ' J,0, rh«‘re will be 
disturbances. Cround-ba.ed and sate, 11^ 

and utiullTon WU1 b ' «-•- briefly 

stratosphere appears to nodulate th^piineiirv^ 1 °* c * llltlon) of lh * equatorial 

*• - i. 

over (he North Pell horror"'*" U.t' Ci """m'/BJ '"T'.'"'" O' r.di.nrrr 
can be clearly distingu i shed. These vans i nr llltll' \ hT " Lansing pulses 
the rocketaondea launched fren Hcias Island/LSSR r;*** *1’° doc,=scnted by 
Riven tn Figure l cover only the str.to.nh i Flfure V ' hllc thr d *‘« 
tile tenperature change. in the upper atratnlni th " r J cket,onde d «ta also ahow 
aituation at the aane loc.tton end .t tan« Um. ° n<! C0D ’ id ' r ‘ the 

stratosphere into the upper r-eaoaphere i the troposphere through the 

are ahovn in Figure. 3-6 for a te^etec Jd . pattern, of theae wave. 

1983, covering the last va^ing ^Ue. cl^rS^r"’ “ “ nd 27 F "— *• 

While the 30-tubar licipht f tVUa . _ . 

are con.lructed uaing thicknesses derived fron '■ thr UpP * r levcU 

apheric ’and Mesospheric Sounder cnboardV T it S CA reriwnt (Strato- 

the SSU ~ P ' ri ~"' ^Str at oIpherie^SoundTng^nitf ''onboard the 

in the stratosph ere" an d* owe r* oVs oVphVre * YV ‘ ‘ ^“"to *tV "o Unditturb * d 
ntnor vanning was present over Eastern r u ' rOD l ' P \ ke °' , ' 1: ‘ bar I™*!. Cut a 
values of Ch. 27 of the SSU And ml * T' indicated by the high radiance 
the 0.01 -ubar chart in Figure 3, vhich^ccounta f” mntic *? Ione developed, cf. 
east xn the 90-100 kn region ov^r C r , «. Period with wind, fron the 

frequency ion drift cea.urecent. of the Llbt m’ ,ndlc * tcd by the low 
coopering the Collm-data with the 0 0lLh!i b \ 0b,erVBtOry, cf> Fi r- U r« ?• When 
the planetary-scale wave, usually are alonine BrtB ’ °“ e h “ t0 kec P in nind that 
coiia-d«ta . , rtin ll, “ 

SS^fca'over^naS^ w'reSMl*^ Ihe^rti.r 1 f? th - VM * Uycr bctween 

Saskatchewan, cf. Figure 7. 7 l " ,4rtl ®l reflection radar of 
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figure 1. March of radiances end temperatures 
over the Horth role (harirontal lines ar<j long- 
tero monthly ©eons). a) Radiances (nU/o‘«r ca”*) 
of channel 27 and 26 of the SSU, naxinort vcight 
around 1,7 and 4 nbar (courtesy Meteorological 
Office, Bracknell, UK); b) Temperatures (*C) at 
10 and 30 obar (data FU Berlin) (froa KAUJOKAT 
et al., 1983). 


KCISS iSUkJO/USWtsrw.M'tl 




Figure 2, Tice height section of rocketsonde tcoperatures 
(°C) froa 2 December 1982 to 15 March 1983 (fron NAUJOXAT 
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30-mtow HalgMt [gpdamj 1-mbaf Haight* (gpd*m) 



ai-mbsr Ha^jhU Jcpdarn) dOVmbar Haight* [gpdam] Figure 5. 



On 25 February, Figure 4, the third warning pulse of the winter developed, 
cf. Figure* 1 and 2, and it* influence is clearly noticeable in the ce*oephere. 
Winds froo the cast were observed again over Central Europe at about 95 k®, and 
also over Canada at about 60 and 70 k®, cf. Figure 7. Here the wind speed had 
decreased considerably since 13 February, well in agreement with the movement 
and weakening of the polar vortex. 

On 27 February the stratospheric vanning reached its peak. Figure 6, with 
the reversal of the temperature gradient in the stratosphere, concurrently with 
a cooling in the mesosphere. The resulting height fields. Figure 5, also dis- 
play a reversal of the circulation in the upper stratosphere over the polar 
region. The circulation over Central Europe was dominated by a separate anti- 
cyclone and the very strong winds from the north reported by the Coll® 
Observatory (not shown) agree with the slope of the anticyclone, Figure 5. The 
varying winds over Canada (cf. Figure 7) agree with the rather complex circula- 
tion systems. Figure 5. 

Attempt* have been made to show that the large-scale circulation in the 
nesosphere i* similar to the well-known circulation in the stratosphere and that 
it i* po**ible to study these changes synopti cal ly . For such studies ground- 
based observations of winds and temperatures can give an important input to the 
analyses, in addition to the satellite data. However, for the synoptic analyse* 
which concentrate on the large-scale circulation, it i* necessary that the 
prevailing winds (or temperatures) are made available, after the tide* have 
been removed. 

The interarmual variability of the midwinter disturbance* i* very large. 
Figure 8, particularly in the capability of the disturbances to develop into so- 
called "Major warmings" (* in Figure 9), i.c., to penetrate into the middle 



Figure 6* Charts of temperatures (K) retrieved froa 
measurements of the SAMS aboard NIK3US 7 (courtesy 
Clarendon Laboratory, University of Oxford, UK) 
(fron NAUJOKAT et al, 1983). 


Figure 7. a) Prevailing zonal winds (a s -1 ) around 95 km over middle (5lN,13E) 
and western (53N,2W) Europe measured by low frequency icn drift (courtesy Geo- 
physical Observatory Collm, CDR) and by meteor radar (courtesy Physical Dept., 
Univ. of Sheffield, UK), respectively; b) Zonal winds (m a" 1 ) over Canada (52N, 
107W) at three layers (58-66 k a layer daily means, 76-84 km layer tidally 
corrected) measured by partial reflection radar (courtesy University of 
Saskatchewan, Saskatoon, Canada) (from NAUJOKAT ct al., 1983). 
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stratosphere and to lead to a fer ently^Ooe^ssible explanation 
itAn( i u^v the winters do develop so differently# un - po 
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SPRING CHANCEOVER OF THE MIDDLE ATMOSPHERE CIRCULATION 
COMPARED WITH ROCKET WIND DATA UP TO 80 KM 

1 O | 

G. Entzian* , D. A. Tarasenko 4 , and E. A. Lauter~ 

1 - Academy of Sciences of the GDP. 

Central Institute of Solar-Terrestrial Physics 
Observatory of Ionosphere Research 
DDR-2565 Kuhlungsborn, CDR 

2 - USSR State Committee of Hydrology and Control of Natural Environment 
Central Aerological Observatory 
Dolgoprudny , Moscow Region, USSR 


The middle atmosphere circulation iB governed by two seasonal basic states 
in winter and summer, twice a year separated by relatively shortlived reversal 
periods . In this paper we will deal with these seasonal basic states of 
circulation and the spring changeover period between them. 

Figure 1 gives the height profile of the mean zonal wind in winter 
(December/ January) and summer (June/July) as measured by rockets at Volgograd 
(USSR) completed by ionospheric wind measurements in about 95 km height 
(Kuhlungsborn and Collm. CDR j SPRENGER et al., 1974). In winter a uniform west- 
wind system exists from the stratosphere up to the lower thermosphere. The 
maximum wind velocity of 70 m/s is attained at the height of 50 km. In summer 
there is an eastvind system from the stratosphere up to the upper mesosphere. A 
maximum of wind velocity of 55 m/s is attained in 70 km. but above 85 km again 
veatvind is established. For comparison. Figure 1 shows also results of CIRA 72 
for 50 N. In this reference atmosphere the the winter wind maximum is indeed 
placed at the correct height, but with 100 m/s it is much too intense. Because 
CIRA for winter months uses only values of Europe and western Asia a longitude 
effect should be negligible. Nevertheless, in order to estimate a possible 
longitude effect the single values at 40 and 50 km height indicate the mean 
zonal wind (circles) and the mean zonal wind plus the contribution of planetary 
waves (k“l and 2; stars) to the zonal wind at the longitude of Volgograd, 
derived from a harmonic analysis of US-satellite data (NASA) for December/ 
January 1974/75 and 1975/76. From the mean of these two winters only, the 
actually measured zonal wind is already well represented. Also this result 
emphasizes that these CIRA values are too high. 

During summer, the stratospheric zonal wind is well reflected by CIRA, but 
the mesospheric wind maximum after CIRA is too low by about 7 km and too weak by 
about 15 m/s. The lower thermospheric wind values are again relatively well 
represented by CIRA. 

The basic spates of geopotential height at 30 mb and their change from one 
into the other can be seen in Figure 2 for 50°N (latitude mean) and the North 
Pole* Lower heights at the North Pole than in medium latitudes, as in winter, 
indicate vestvind, higner heights, as in summer, indicate eaBtwind. The change- 
over from one state to the other is defined by the crossover of both curves. 

Its time is determinable with an accuracy of one day, not only in the case of 
this 13-year mean (1967-1979) but in general also for actual single years. 

Figure 3 shows the reversal dates defined in this way of the 30 mb level since 
1958. The mean reversal date of these 25 years is April 7 with a relatively 
high variability of Jj/.b days. 


An effect of the quasi biennial oscillation can obviously be seen from the 
alternation of early and late reversals between 1958 and 1967 and again after 
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Figure 1. Kean zonal wind from Volgograd rocket 
data (48.7°N; 44.4 °E) during the seasonal basic 
states :+ winter (Dec., Jan.), x summer (June, July) 
in comparison with CIRA 72 values (c) and US satel- 
lite data (o mean zonal wind; * mean zonal wind 
plus contribution by planetary waves to zonal wind; 
and during the spring changeover period (*)• The 
experimental data at 95 km are from ionospheric 
drift measurements at the observator ies Kuhlungs- 


born (54.1 °N; 11.8°E) and Collm (51.3°N; 13.0°E). 
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Figure 2. Seasonal variation of the heiqht of the 
30 mb level at 50 °N zonal average and at the 
North Pole. Monthly mean values from 13 years 
(1967-1979). The dashed parts are extrapolations 
of the autumn and spring branches of the curves, 
as an estimated behaviour without stratospheric 
warning effects. 
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1977- The difference of reversal dates of consecutive years can attain core 
than one month! Since 1958 a secular trend to earlier reversal dates D (- day- 
number) 


D - -0.52 Y + 132.8 

(Y * the last two digits of the year) can be observed. Of course this trend can 
only be the expression of a long-time climatic variation, and at some time tne 
trend will end or even change the direction. Between 1958 and 1980 the above 
regression is statistically significant by more than 95 per cent, but vhen 
including the late reversals of 1981 and 1982 the trend is no longer significant 

The small rectangles in Figure 3 indicate periods of late-winter zonal wind 
reversals. It can be recognized, that in general a late winter zonal wind 
reversal is followed by a delayed final reversal. For 13 winters without wind 
reversals, the mean final reversal date is March 29, whereas for '2 winters with 
wind reversals, the mean final reversal date is April 15. That means the 
occurrence of a late-winter zonal wind reversal tends to delay the final spring 
changeover by an average of 17 days in the 30 mb level. 



Figure 3. Spring reversal dates of the 30 mb level (•) 
and the occurrence times of the spring ionization 
minimum in the lower ionosphere (o). The rectangles 
indicate periods of late winter zonal wind reversals. 


Figure 1 also shows the mean zonal wind height profiles for the last March 
decade and the three April decades (centered at 25th March, 5th, 15th and 25th 
April). At the end of March the seasonal changeover begins in the mecopause 
region and within the next 20-30 days it comes down to the middle stratosphere. 
With the position of the observing points mentioned above, this result refers to 
the longitude sector of central and east Europe and to a latitude of about 50 H • 
Around the middle of April the lover thermospheric east wind attains its most 
intense value. After that time it breaks down and changes again to westwind, 
which is then maintained during simmer. 

Figure 4 investigates if the classification of "eArly" or "late” spring 
changeover in the 30 mb level is valid for the whole height profile. For this 
purpose the mean of zonal wind profiles were evaluated for 4 "tarly years 
'1974, 75, 78, 80) and for 4 "late" years (1967, 68, 69 , 70). In the 4 years of 
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Figure 4, Kean zonal vied profile* (mean of 20 day* 
in each year centered to the given date) over 
Volgograd, completed by ionospheric drift oeaaure- 
Dtnu at 95 kn froo Kuhluagsborn and Cot la, in 
the case* of 4 year* with late and 4 year* with 
early spring changeover in the tonal average of 
the 30 cb level (zee Figure 3), 


"early** ca*e the Bean changeover date of the 30 ob level (a* given in Figure 3) 
is Kerch 17, and in the "late” cate it is April 21. i.e. a difference of about 
one south. After Volgograd rocket data these reversals at the height of 23 ba 
(about 30 ob) take placu on April 17 and Hay 2, respect ively , i.e. a difference 
of only 15 days. This msllcr difference cay be an effect of the longitude of 
Volgograd, but in spite of this mailer effect in the data of Volgograd the 
"early" and "late" cates can be recovered in almost all heights up to the lover 
thtraosphere and con be identified already about one conth before the actual 
reversal from west- to castwird in the stratosphere by vrstwind velocitiee being 
mailer ‘in' the early case than in the late case. 

because the spring reversal processes are relatively uniform froo the 
stratosphere up to the heighta of the lover ionosphere at influence on the iono- 
spheric plasna should be expected. From ground-based absorption and phase 
height ceaiurmenti it is known that the electron density passes through a 
distinct oininua during spring (LAUTEK and tNTZlAN, 1983). The occurrence ticc 
of this ttiniem suggests comparison with the reversal dates. The results can 
be seen in Figure 3. goth parameters arc significantly (> 99.9 per cent) 
correlated vith a correlation coefficient of r • 0.6, Like in the case of final 
wind reversals the occurrence tinea of the ionization oinina are also delayed in 
cases of preceding late winter wind reversals: In the mean of the 13 cases 

without wind reversals the ionization minieua occurs at Karch 24, in the Beau of 
the 12 cases vith wind reversals it occurs at April 5. i.e. 12 days later. 

The results confirm the statement cade earlier (LAUTEP ft ftl., 1976) that 
during winter a dynamical coupling between different layers exists in the middle 
atcospherc froo the stratosphere up to the lover thermosphere , and thAt this 
coupling continues till the final spring reversal. 
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LARCE-SCALE WINTER-TIME DISTURBANCES IN METEOR WINDS OVER 
CENTRAL AND EASTERN EUROPE 

K. H. Grcisigcr 
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Yu, I, Portnyagin and I, A. Lysenko 
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Obninsk, USSR 


As it is veil known, in winter a predominant westerly circulation exists in 
middle and high latitudes from the stratosphere up to the cesopause region 180- 
100 kn), driven by the stratospheric polar west wind vortex. Sudden strato- 
spheric warnings lead to disturbances or even to a breakdown of this vortex with 
occurrence of easterly winds (LAEITZKE, 1981). Such large-scale circulation 
disturbances can be seen in pressure caps up to cesospheric heights (NAUJOKAT et 
si,, 1963). Moreover, in the cesopause region similar circulation disturbances 
in periods with stratospheric warmings arc alto known for a long time from 
neteor wind and ionospheric drift results (F0RTNYAG1N and SPRfNCER, 1978). In 
the present report we investigate daily tonal wind data of the four Pre-KAP- 
winters 1978/79 to 1981/82 obtained over Central Europe (station Euhlungs born, 
54. 1 *N/1 1 ,8*E) and Eastern Europe (state Obninsk, 55*N/38*E) by the radar meteor 
cethod (D2). Available temperature and satellite radiance data of the middle 
and upper stratosphere arc used for comparison, as well as wind data from Canada 
(SMITH et al», 1982), The existence or non-existence of coupling between the 
observed large-scale zonal wind disturbances in the upper cesopause region (90- 
100 km) and corresponding events in the stratosphere is discussed. 

An analysis of wind disturbances in the 90-100 kc level above Central 
Europe in the first Prc-HAF-vinter 1978/79 has been already published on the 
basis of D2 wind results of the station Kuhlungsborn and ionospheric drift (Dl) 
results of the station Colin (CREISICER ct ai., 1979). These results will be 
summarized here only with inclusion of D2 wind data from the station Obninsk in 
Eastern Europe. Aa shown in Figure 1 in January and February 1979 three 
distinct large scale reversals of the zonal prevailing wind (V^) i n 90-100 km 
took place as measured by the D2~mcthod at Ruhlungsborn and Obninsk as well as 
by the Dl-cethod at Collm (3-days running means are used for smoothing, applied 
to all winters). In the stratosphere an intense warning of the polar region 
started after 21 January, proceeding in three pulses and leading to a total 
breakdown of the circumpolar vortex ("major stratospheric warming'*) on 23 
February (LABITZKE. 1979). The three wind reversals at 95 km occurred some days 
in advance of the peaks of the warning pulses at the 4 ebar level (SSU Ch 26 
data), which in turn occur a little earlier than the peaks in 10 ebar tempera- 
ture above the North Pole (cf. Figure 1). The period of strongest East wind in 
the 90-100 km level around 25 February coincided rather well with the breakdown 
of the polar vortex in the stratosphere, suggesting a strong coupling between 
the stratosphere and the cesopause region during this major stratospheric 
warning event. 

Aa reported by SMITH et al. (1982), the zonal circulation in the eeaoephere 
and neeopaute region in this winter above Canada, observed at Saskatoon (52*N, 
104*W) by the Dl-oethod (partial reflection), did not show & close coupling. 
There was r.o reversal near 25 February. Such different behaviour on large 
scale, however, can be understood through the longitudinal asymmetry in the 
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Figure 1 • 

vertical propagation of planetary waves, which very probably arc the prinary 
cause of the coupling* 

In winter 1979/60 several circulation disturbances took place again as seen 
in the tonal prevailing wind data V of Obnins* and Kuhlungsborn (Figure 2)* 

For comparison the aituation in the stratosphere is charactenicd in Figure 2 by 
the temperature of the 10 nbar level and satellite IR radiance data of* and 1.7 
obar over the North Pole (LABITZKE ct • !.. I960). From 0 January “P to 20 
February I960 in the unper atratoaphere (4 and 1.7 obar level) teveral 'minor 
warmings" occurred, vhcrcaa in the middle atratoaphere (10 ebar) the temperature 

above the North Pole vas nearly equal or lover than the “^aatern* 

(Figure 2), At 9S ka wind reversals were observed above Central end Eastern 
Europe around 12 and 24 January followed by a recovery of the West wind nrcula- 
tion and a new weakening after 10 February. Simultaneous Dl-vind measurement* 
at Saskatoon also ohov several wind disturbance* but not with such a clow 
l cm ['oral connection as for the European region. The meaopauae region above 
Europe eeena favorable to indicate large scale vintcr-tice disturbances of the 
pressure field and corresponding wind field, as already shown for the “J” 
stratvam effect in the fir.t Fre-HAP-vinter. At the end of February a faajor 
warming" of the whole stratosphere took place, as seen in Figure 2 by *harp 
peaks of the radiances and the temperature above the Pole. The ronal wind in 
the ceaopauce region now sems to be disturbed simultaneously over the whole 
Northern Hemisphere with East winda over Europe (Obninsk, Figure 2) and also 
above Canada around 29 February* 

In the third Pre-HAP-vinter 1980/81. the stratosphere shoved an «treme 
behaviour (LABITZKE ct al., 1981). Beginning with the end of November, strong 
cooling took place in the polar middle stratosphere, reaching tmpe "*«*•’ l * 
December and in the first half of January substantially below the ' ‘"U De “ 
values, as shown in Figure 3 for the 10 mbar level. By the end of January a 
sudden and very strong warming began firat in the upper polar stra 
few days later in the 10 nbar level (cf. Figure 3). So the winter 1980/81 in 
the stratosphere can be clearly divided into two parte, vir.. a I"!* 1 P* tlod “P 
to 20 January and a hiRhly disturbed period after 20 January. In the mesopau 
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Figure 2. 


22“i C0 “^ b * exp " ted £r °° earlier viuters. the zonal wind in thi» eeconi 

part of the winter was also very disturbed. 

During the maximum of the stratospheric warning at the end of January/ 
beginning of February 1981 the etrong zonal westerlies at 95 kn decreased 
rapidly and reversed to East wind, practically simultaneously above Central and 

cha^LTpr^f^h^H^^K^ fiDd * Uo above Canada - This confirms the large-scale 
character of the disturbance end the close coupling with the stratospheric 

vanning event. The first part of the winter 1980/81, though rather quiet with 
extrraely low temperatures in the polar stratosphere showed several disturbances 
of the tonal wind in the mesepause region, not loss intense as during the major 
tratosphcnc warming. As shown in Figure 3, simultaneous reversals to East 
wind above Central and Eastern Europe occur in November and December, and « 
rapid weakening of the West wind shortly before 20 January. Even stronger 
disturbances with reversals were observed at Saskatoon at 93 kn at about the 
aaae periods. That oeana that in the first part of the winter 1960/81 the renal 
circulation in the mesopnus* region is highly disturbed in a large-acale manner, 
though the polar stratosphere was rather quiet. One can conclude that these 
disturbances are probably connected with processes in the mesosphere or in the 
me opausc region itself. Some indication we have from the radiance data (Figure 
3), which show from Novel *.p r to January some little warming peaks which are 
higher at 1.7 nbar (44 kn) than at 4 mbar (38 kn). 

of Jhd beginning of February 1981. remarkable wave-like variation. 

the zonal wind at 95 fca with large amplitudes, very similar at both stations, 
were observed. They seen to be connected with corresponding variations of the 
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Figure 3, 


dominant stationary planetary temperature wave Tj in the stratosphere at 60*N 
(cf. Figure 3), In this respect the stratospheric temperature field was 
disturbed already before the major warning event (amplification of wave 1 as a 
! precondition of a major stratospheric warming, LAEITZKE (1981), and an influence 

■■ . up to, ttje 93 km level at medium latitudes seems to exist. 

The fourth Fre-MAP-vinter 1981/82 is in some respects similar to the second 
one. In mid-December a warning in the upper stratosphere (4 and 1.7 nbar) with 
; simultaneous cooling in the middle and lower stratosphere was observed (NAUJOKAT 

| et al., 1982) (cf. Figure 4). The aortal wind at 95 km over Europe is strongly 

disturbed in December with values below the long-term mean values and some short 
I periods of East winds. In January in the polar stratosphere a strong "minor 

warning" occurred (NAUJOKAT et al., 1982) with two pulses in the radiances (1.7 
and 4 nbar) and 10 mbar temperature around 10 and 25 January (Figure 4). In 
coincidence with the stronger second pulse ve observe an almost simultaneous 
reversal of the zonal wind above Central and Eastern Europe with an East wind 
period up to the beginning of February. At Saskatoon at the sane time a 
reversal down to 62 km was recorded which chows the iarge-ecale character of 
this wind disturbance in connection with the strong "minor warming". 

. Sirnmariring our results one can say that in winter during "major warnings" 
obviously a close coupling exists between the stratosphere and the cesopauce 
region. The temporal and spatial relation between the events in both 
atmospheric layers can be understood only with informations about the vertical 
propagation of the pertinent planetary waves as a primary cause of the coupling. 
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Figure 4. 

Not much less intense large-scale tonal wind disturbances in the cesopause 
region were observed during periods of relatively quiet or even extremely 
typical winter conditions in the stratosphere. The cause of these disturbances 
is not clear; it has probably to be sought in the mesosphere or in the mesopause 
region itself. 
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A superpose d-epoch analysis during late winter zonal wind reversals was 
carried out from 18-year observation series (1963-1980) of the meridional geo- 
potential height gradient in the 30 mb level (latitude mean) and of the ozone 
content over central Europe. 

Figure la gives the mean seasonal variation of the meridional geopotential 
height gradient between 50°N and the North Pole. This parameter is positive 
during winter, indicating west wind, whereas it is negative during stxamer. 
indicating cast win<.« In come late winters the meridional gradient breaks down 
to low, some tines even to negative, values, as for 1977 (dotted curve). Such 
break-downs are connected with stratospheric warmings. The beginning of these 
decreases of the meridional gradient, exactly the first day of decreasing 
during a period which later attains negative values, was taken as key day of the 
subsequent superposed-epoch analysis. Figure lb gives the variance of the 
geopotential height along the 50°N latitude circle. It represents in an 
integral form the deviation of the wind from a circumpolar zonal flow 

(with A. ■ the amplitude of the k-th planetary wave) i.e., a measure which we 
may call planetary wave activity. Because the amplitudes of waves k > 3 can be 
neglected, o describes mainly the activity of the first 3 modes of planetary 
waves. 


Figure 2a show? the result of the superposed epoch-analysis of 8 cases as 
given in Table 1. 

Table 1. Key days of the superposed epoch analysis. 

January 14, 1963 January 5, 1971 

February 12, 1966 January 19, 1973 

January 2. 1968 January 3, 1977 

December 26, 1969 February 14, 1979 

The curve through the dots represents the deviation of the meridional 
height gradient between 50*N and the North Pole from its mean seasonal 
variation. The gradient decreases and about 12 or 13 days after the key day it 
attains a minimum of 20 geopotential metres per degree latitude below the normal 
mean value. The curve of open circles represents the same parameter but between 
40* and 60*N, it attains 11 gpm/deg.lat. below normal, about 20 days after the 
key day. If we formally convert the meridional gradient into zonal vind, we get 
a reduction of the west wind by 13 m/s and 10 m/s for the mean latitudes of 70*N 
and 50°N, respectively. After a recovery phase normal values are obtained 
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Figure 1. Mean seasonal variation at the 30 mb level 
(1967 - 1979) of 

a) the meridional geopotential height gradient be- 
tween 50° N and the North Pole; 

b) the variance of the geopot?ntial height along 
the 50° N latitude circle. 



Figure 2. Superposed-epoch analysis of 
8 cases of late winter zonal wind 
reversals between 1963-1980. 

a) deviation of the meridional height 
gradient at 30 mb between 50°N and 
the North Pole from the mean 
seasonal variation (dots) and 
between 40° and 60°N (open circles); 

b) deviation of the variance (plane- 
tary wave activity) fron the mean 
seasonal variation; 

c) deviation of the ozone content over 
Central Europe from the mean season- 
al variation (curve); deviation 

of the monthly mean cf the 8 cases 
from the long time monthly mean of 
the ozone content over the tropics 
(Kodaikanal: dashed horizontal bar, 
Huancayo: full horizontal bar). 
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between the <0-th and 60-th day after ‘^^j^y^beCrc^he peak of the 
behaviour o£ planetary wave act *! • nax i 0 um and then decreaaes till the 

zonal wind reduction, o attains uave activity by alooet 100 geo- 

30-th day, reducing the normal plane y ozone conte nt over 

potential metres. Figure 2c give. “ ( ° ean latitude o£ the 8 station. 

Central Europe from its mean °£ 27 D.U. (i.e. about 8 per 

nurd* 50°H). It increases and attains f the keY day. This ozone 

cent) above the normal value %u b0 zon^i e wind ninicnm and almost simultaneously 
oaximun occurs 10 days after the zonal vindnini ^ thc key day8 conceu- 

vith the minimum of the planetary v T*^ ^ d dle‘ of February, the ozone effect 
trate between the end of January ana the oiddl ie^oi give8 the seasonal 

oust be detectable in the * e “° Cen tral Europe with and without zonal wind 

variation o£ thc ozone co " tcn ‘ A u the ozone content is indeed higher 

reversals. In the mean of .|® ^ ver6a is than in the years witaout. 

According* to th/t-tLt this difference is significant by more than 99.9 

percent • 

450 ~ 

n 

[ou] ■ 
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Hinter Hith slralnorm 
1963,66, 68, 70, 7173.77, 73\ 


Hinter nilhoutslratnarm\ 
196 ^ 65 . 67 . 63 . 72 . 74 . 7616 ) j 



„. 1 Seasonal variation of the ozone content 

Fl over Centra^Europe with and without late winter 
zonal wind reversals. 

In Figure 2c the deviation of ** and 

mean of the ozone content the " P b r ' ‘ Md £or the month with the wind 

Huancayo 10*8) is given for themonth ^ ^ reversal . there is 

reversal nt medium latitude • i . j. n the month with wind 

no significant difference ^“^Icantly * (on the 95 J level) reduced at both 

reversals the ozone content is signi ’ l !“? * ° ent below normal. This result 

stations by 5 D.U. in thc . B * an ’ ^’meridional ozone transport from the tropics 
can be interpreted as an n t"tlte winter zonal wind reversals. We have already 
to middle latitudes during lste *° contC nt between the tropics and 

found 6uch opposite behaviour of - r tkc eixties and seventies, in 

middle latitudes in the J on8- “? e b °*™- a-^sc illation (ENTZ1AH and CRASNICK, 
the solar cycle and in some weeks, and in all these cases the 
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figure 4. Kavahira'a theoretical results 
of an adopted wave disturbance at 22.5 ka 
beginning .t the day zero. converted into 
parameters coaparable with our figure 2. 

a) change of zonal wind at 22.5 km at a 
result of interaction between waves 1 
and 2 and the mean flow; 

b) planetary wave activity (k • 1 and 2) 
at 22.5 k»; 

c) ozone content between 10 and AO ko 
perturbed by planetary wavea (k • 1 
and 2). 


which ia qualitatively in agreement with our cxptr iuctnl result. Generally in 
coctcaporary theories the ozone increase in oiddlc latitudes during strato- 
spheric warning* is explained by enhanced efficiency of planetary wave trans- 
port, e.g. , RAWA11XRA (19£2>. Figure 4 ahoua Ka.ahira'a theoretical result* 
converted into a fora comparable with our results. After a dieturbance at the 
zero day, planetary vav#o k • 1 and 2 at 22.5 km (near the 30 mb level used by 
uO reduce the zonal vind by core than 30 n/a, the r.iiUBtca of tonal wind being 
reached at the 30th day, i.e., about 10 day* later than our experimental result 
for 5Q*N. Coe week before the zonal wind oinico.ni, Kavahiru's planetary wave 
activity at 22.5 ks (waves k - 1 and 2) attains a tiaximci and h icul c eneiua ly the 
ozone content attain* zlso a caxicua, of about 70 D.l’. above normal. As to the 
time of ozone c-iximuci, Kawaliira'a resulto are in good agreement with ours, 
though hia caxieixa ia twice or three ti»ea larger. Our rxper ir*ntal data on 
plrnetary wave activity, however, lead to a theoretically unexpected result, 
because we find, chat the crone nniietn is attained during a minima* of that 
para3ct»?r. Therefore it c^y be suggested that, if planetary waves are 
responsible for the additional cwridiorjl ozone traneport during stratospheric 
warmings, this transport has to take place at heights other than those up to the 
or.onc raxicjura in the niddlo latitudes. 
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The 30 nb data were taken from Hetroro logiache Abhand lunp.en , Tagliche 
Hohtnkarten der 30 mb FI ache, Inatitut fur Neteoro logic der Freicn L’niverai tat . 
Ber 1 in. 

The exone data were taken from Ozone data for the world, publ. by the 
Atmospheric Environment Service. Dept, of the Environment, in co-operation with 
the V>0. Dovnsview, Ontario, Canada. 
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K. I. Ivanovsky 

State Coasittee of llydroaetcorolop.y and 
Control of the Natural Environment 
Moscow, USSR 

7roo 80 to altitude upwards . * ' clotpheric'clrculation hae been 
circulation compared vith nr * l0, ^ C “tn r .dlo neteor sounding data froa an 
oh served by Mny investlBatora. Fir , .cci-annu.l wind variation was 

average level near 95 to in mddle let uinter > a westerly wind is 

tound. While in the Min seasons <•««* weaken. sharply or even 

observed here, in the inter.«MO« ^^^‘V.ture. of the oeteor rone have 
teverM* into easterly wind. h by FORTH *ACXN and SFRfc*CF.R (1978 . 

lien discussed in detail w the monograph by ™*™ tUaX profl ie. of the wind 
The recently available possibilities BO-110 krt have shown tbit the 

wii. «..« a... , i. . >■»*>*:*— r ;r,; “ .< .l., 

featurea of annual variation at 95 to r {oun(J in wic ter, and 

nelr 100 to. While below eo to a vesterly circo at o U easterly m 

an easterly circulation in .*=«. above W0 to the ^ ^ pU „ e , taken frora 
winter and weaterly in (l9B 1). The fact of thia circulation 

the monograph by KOKIN and UICOOV U981 » h<d bten centioned in May 

reveraal in itself vs. not surprising iBg ina , ou ch a. in none of the 

paper, and monograph.. , od STK0E1X. 1978; CbVSHAKOV et .1.. 1979. 

SS-i^ri^n-ih^cLcalation reversal was obtained. 

Analyaia of mean daily vinda «t “u^howed'lT’noreal moo.oon circulation, aa 

radiowave incoherent scatter data, atain t0 the conclusion that 

seen in Figure 2 <«ER 1978 >* 100 to. a layer of anoMlou. circul. 

between 100 and 200 to. H^i’in niddle^ latitude.. 

The undemanding of «ehani.M which are .j'^wraiairj interest aod 
"anomaly" in thia height region appear, to^ MehMi , B , which are 

ii-snort ance . Obviously, one had to write the equation of notion 

usually not considered in hydrodynamics. component of the atmospheric gaa, 

taking^ into account the c ‘ * f «d Z existence of the electric 

sasTuS «—. 1975): 


2; l Jv] - - vp-go ♦ 


(1) 


equations. Usually . d co t he Earth’s magnetic field, 

of anisotropic conductivity due 


j - cE’ 


£*« vj ♦ - lv«fe] 

c r will be discussed below, 

a i* the electric field potential, the ^ ut “ ° c .^ oU an d rather alow 
IndilCxfil i. the electrit -nduction.^ bo considered a. quasi-stationary. 
processes * 1 r 


6 - conductivity tensor 
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Figure 1* 
tudet • 


Hcight-aea.on variation of the prevailing tonal w'nd In middle lati 
Solid curve-coaputed data, da.hcd curve-expenncnt. 



DAYS 


Figure 2. Annual variation of prevailing wind at 
Hill fron incoherent scatter data 


300 kn altitude over Millstone 


div j 


(3) 


coefficient. -LL for tonal and for meridional component., and the 

magnetic rotary'for ce. coinciding in it. ccn.e with the Corioli. force, 
the effective rotation of the Earth nay be vritten in: 


so that 
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Hiire, oj it Pedersen conductivity, oj is Hall conductivity, and 

R 0 2 ■ B , 2 4 B o 2 

The cj value has a distinct maximua at 110-120 kxa altitude, and a consider- 
able diurnal variation. In daytime, according to acne data, the sign of u>' 
in the 110-130 ka region can become opposite to the sign of uj. If this reversal 
of the sign u* took place both in day and night, then, according to the geo- 
strophic relation for large-scale alow processes, with the sign of pressure 
gradient remaining unchanged, the wind sign would reverse in this altitude 
region. This is the simplest hypothesis to explain the circulation "anomaly 1 *. 
But, unfortunately, what is most possible, the Coriolis force compensation takes 
place far from always, and the "anomaly" level of 110-130 ka is too high to 
correspond to experimental facts. 

Another hypothesis is connected with peculiarities of the solar UV heating 
rate altitude profile (see Figure 3). As seen from this figure, the volume 
heating source decreases with altitude everywhere except for the 90-105 km 
altitude region where it increases. This anomaly in the heating source profile 
draws one's attention to an attempt to explain the circulation "anomaly". 


Figure 3. Vertical variation of UV heating rate in the 
atnosphere for summer solstice conditions at differ- 
ent latitudes. 


Having written the system of hydrodynamic equations for a zonal case (with- 
out longitudinal dependence) and represented viscosity and heat conduction terms 
in the form of Rayleigh friction and Newtonian cooling, by means of sub- 
stitutions one can obtain the equation for pressure latitudinal variations as a 
furction of height 



Where dx 


dx 2 


• sl z 

if 



ip - 



dx 


, and q is a volume UV radiation heating source. 


(4) 


1 ■ a x + r) 

X .2, 2 kb M 

O 

0 is the Rayleigh friction coefficient, x is the Newtonian cooling coefficient, 






* 0 " 2 , ether symbols are the standard ones. By substitution of p - Pe~*^ 2 
equation (4) is obtained in the fern: 

2 

iLP. - k 2 '> . V " 1 x/2 dq ? 1 

dx 2 b • w c K * fc - « ♦ I 

In the ^inplificd case of absence of the Earth's influence* Green's function of 
the left*hcnd side operator is equal to: 

C(x,C) - ~ cxp(-b|x-f.|) 

Then the solution is written in the fora: 


S/2 


y or sufficiently large values of b, the integral kernel assumes the 
character of a delta function, and P(x) will alter its sign together with the 
alteration of the sign of The sign alteration of the latter quantity, as 

mentioned above, takes place in thi 90*105 kn altitude region* Together with 
this, the circulation sign will naturally change* In the hypothesis suggested 
the question of the value of b is very important. In order that this value is 
adequately large, it is necessary that the Rayleigh friction coefficient should 
be ouch greater than the Newtonian cooling coefficient. The high level of 
thermal stability aiso contributes to an increase of b. It is possible that the 
large value of b is a specific quality of the mesosphere and thermosphere* 
Obviously, the mechanism suggested at least partly explains the appearance of 
the "anomaly" circulation near 100 km. 

However, one does not manage to explain the "anomaly" up to the 120-130 km 
altitude by means of this mechanicm, and we will address again the equation 
(1), taking into account the electric potential field. 

Strange as it nay seem, the complex case of self-consistcnt calculation of 
hydrodynamic characteristics jointly with the electric field for tidal waves has 
already been done by CLUSHAK0V et al. (1979, 1960. 1981), but the simpler case 
of zonal stationary flow has not been examined. Let us fill the gap by 
presenting the results in this paper, in a simplified fora only. 

Integrating (3) over z in infinite limits (in fact, in a thin ionospheric 
layer) supposing that j vanishes outside the ionospheric layer, we obtain the 
expression 

T7 to M 9ln0 f J o d * ■ 0 (6) 

— * 

It follows from this that sinO j dz C, but the integral current must 
not flow over the Pole, because this would mean non-zena lity . Therefore, C 
oust be zero, i.e,. 


Expressing j fj in terms of Ohm's law, taking into account zonality of the 
problem, and making some simplifications conditioned by numerical estimates for 
Altitudes less than 130 km, one can obtain 
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This electric field is adequate to influence ttrongly the wind. Noncomplex, but 
expanded calculations yield the expressions 
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Here, 1 - 2u* (u, 1 - the Earth's effective rotation), 
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Assume that increases with height. U r is the result of averaging U r 
over height, with Oi(j_) as a weighting function having a pronounced moximuci 
near 140 km; eo that U « u^z * 140 km). Apparently, below this level, as 
seen from (8), the sign of 0 and V may reverse with respect to 


Let us now discuss the current state of tidal theory. Historically it has 
developed in a way that investigations were nade independently in two altitude 
regions: below 100 km, where dissipative forces are negligible and above 100 

km,' where these forces arc essential. 


By 1970 the theory for the region below 100 km was summarized in the mono- 
graph of CHAPMAN and LINDZEN (1970). All calculations were based on tidal 
energy sources connected with the solar UV radiation absorption computed by 
BUTLER and SMALL (1963). Though explaining many experimental facts, the theory 
appeared to be incompetent to explain facts connected with semidiurnal tide 
seasonal variations in mid-latitudes. 


In the last decade, theory of tidal seasonal variation has been greatly 
developed. IVANOVSKY and SEKENOVSKY (1971) pointed out that for the mean zonal 
circulation, different from the air shell rotation as a whole, the so-called 
"equivalent depth" in the classic tidal theory depends in a complex way on the 
seasonal variation of the circulation index. It is important to emphasize that 
the circulation character in the stratopause region (50 kn) influences the tidal 
seasonal variations in the meteor zone. 


Further development of the theory was aimed at improvements of the 
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numerical technique of solving linear equations! taking into account high- 
latitude profiles of the background zonal wind and temperature by means of the 
perturbation method (LINDZ EH , 1974; WALTERS C31E ID et al., 1<>79, 1980). These 
calculations qualitatively confirmed the results of Ivanovsky and Sracnovsky, 
but did cot address solving the tidal seaconal variation problem. 

A revision of calculations of t.dal energy sources and their seasonal 
variations appeared to be extremely important in the theory (FORBES and GARRETT, 
1978, 1979). Tho maximum of the source appeared to be greater than that of 
BUTLER and SMALL (1963), end the altitude region of maximaa values was narrower. 
While in BUTLER and SMALL* a (1963) sources the Hough code (2,2) prevailed for 
the new sources, in certain seasons, the nodes (2,4) and (2,5) are essential. 

WALTERSaiEID et al. (1980) made tidal calculations for a new source 
already. So it seemed that all the necessary work had been done to complete the 
tidal seasonal variation theory in the altitude region up to 100 km. 

A paper by KAIDALOV (1979) disproved this opinion. Kaidalov drew attention 
to the fact that the perturbation nethod used by LIEDZQJ (1974) and WAJ.TERSCHEID 
et al. (1979, 1980) is good for tidal nodes which do not change their character 
when propagating upward or being trapped. In contrast, the main nodes of the 
semidiurnal tide are on the boundary between propagating and trapped ones, being 
trapped in one altitude region but propagating in others, the boundaries between 
these regions being dependent just on the height-latitude distribution of mean 
zonal vied and temperature. Zero-order approximation in the perturbation 
theory, not taking into account effects of background wind and temperature for 
all approximations, defines the tidal waves character as trapped or propagating 
and leads to inadmissibly large errors in the tide calculation. KAIDALOV (1979) 
developed a numerical technique to solve the tidal model, taking into account 
seasonal variations of background wind and temperature without the short-comings 
of the perturbation method. 

Considering tides above 100 lan, ve will limit ourselves to a few problems 
arising here. In its most complete form, modelling of tidal variations in the 
thermosphere is based on the equation of motion (1), Ohm's law (2), the equation 
of quasistationary space charge (3), together with the equations of energy and 
continuity. Usually, all variations are examined in linear approximation. 
Dissipative forces are molecular and turbulent heat conductivity, and ion 
friction. The contribution of molecular and turbulent friction is estimated to 
be insignificant, at least, up to the 200-250 km height. 

In a majority of theoretical investigations the electric potential field is 
excluded and, as a rule, a torsional effect by the magnetic rotary force compen- 
sating the Coriolis force is neglected. This means that, instead of self- 
consistent examination, combining hydrodynamic equations with clectrodyaamic 
equations, a purely hydrodynamic approach is used (c.g., GARRETT anil FORBES 
(1978)). 

Taking into account the electric field and magnetic rotary force generates 
a series of new effects. Estimation of conclusions with regard to these 
effects, using experimental data, permits one to evaluate more reasonably their 
contribution to the tide formation in the thermosphere. 

Partial or even complete compensation of the Coriolis force by the magnetic 
rotary force at 110-130 km altitudes would result in the formation of sharp wind 
maxima at these altitudes. In numerical experiments this maximum is well 
pronounced, as it can be seen in Figure 4, taken from theoretical papers by 
GLUSHAKOV et al., (1979, 1981). After excluding the magnetic rotary force the 
effect vanishes. These wind maxima are also veil observed in liminous trail 
experiments (ANDREEVA et al., 1931). 



■ *rr "vt 




: 

*• \ * 


107 





Figure 4. Height-latitude cross-section of the -pUtude ot 

meridional (b) tidal wind diurnal component. In I the are ° c i^ ar iy 

tude region at high latitudca tidal wind amplitude maxima are cle y 

seen. 
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bc essential Metric field 

contribution l?Z tidal wind formation csse^ially depends - the electron ^ 

the pressure gradient also increases with height, preva b 

Srce below 140 to. but being inferior to it at altitudes above 140 km. 

, . . rTHQHAK'nv Pt al ( 1°79 , 1981) show that in the formation of 

Calculations by CLUSHAhOV et al. U- • t j, dal oscillations 

field corresponds to direct measurements. ° ft velocities of ions in 

connected with the dynamo-effect have been made from drift vcioc 

the ionospheric F, layer. En E ^ure 6 a “ ur ^ ent6 acC ording to data 
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doubt about the considerable contribution of the electric field in 
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Figure 5. Vertical profile of tidal wind diurnal component amplitude (a) 
and phase (b): 

without electric field accounted for 

- - “ - - with electric field accounted for 
A » V • «►* experimental data 
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Figure 6. Time-latitude variation of electric field. At the top: theory, 

at the bottom: empirical model of RICHMOND et al. (1980). 
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ABSTRACT 


The heat and momentum flux due to standing planetary waves in the strato- 
sphere has been calculated on the basis of satellite data. The convergence of 
these fluxes has been investigated and show an apparent heating and acceleration 
of the mean zonal state. The Eliassen-Palm flux divergence calculation shows 
that the mean zonal state is effectively decelerated. Furthermore the inter- 
action between ultra-long waves and waves k - 4 - 15 in the troposphere has been 
investigated for a winter period and has been discussed in connection with the 
geopotential wave one amplitude, which increases before a stratospheric warming 
event occurs. b 


The investigation of processes which determine the deviation of the zonal ly 
averaged temperature and wind field from radiation equilibrium is a central 
question in stratospheric dynamics. LEOVY (1964), HOLTON and WEHRBEIN (1980) in 
their model calculations take into consideration a linear drag that produces a 
??™ atl0n P I ' 0 P ortional to the mean zonal wind, while SQIOEBERL and STROBEL 
(1978), DETHLOFF and SCHMITZ (1982) additionally consider the momentum transport 
by planetary waves. On the basis of a stationary model. Dethloff and Schmitz 
shoved that the planetary wave influences on the mean state are small above the 
stratopause. In the following at first the standing momentum and heat flux and 
t .0 divergence of the Eliassen-Falm flux is investigated. Furthermore the wave 
k * 4 - 15 projection on the ultra-long waves in the troposphere preceding the 
occurrence of a stratospheric warming has been calculated. 


The data basis is the monthly mean standard 500, 200 mb topographies of the 
European Meteorological Bulletin, the 100, 50, 30, 10 mb topographies from 
Obninsk, the synoptical bulletin and the 5, 2, 0.4 mb data source are the NCAA 
NHCnaps for the winter 1974/75 where meteorological rocketsonde and satellite 
radiance data are used for analyses. The high topographies arc given once a 
week ’only. The momentum and heat fluxes are calculated from the planetary wave 
amplitudes and phases. In the following the mean December values for the two 
years will be discussed. In Figure 1 the amplitude of pla: etary wave one is 
shown. The maximum of wave one appears at 70°N at a height of about 35 km with 
0 gpm. Figure shows the meridional standing momentum transport due to the 
sum of waves k, ■ 1 - 3. The momentum transport has high values in the jet 
region of the upper troposphere and at a height of 50 km in middle latitudes. 

The meridional heat transport of the waves k - 1 - 3, given in Figure 3, also 
has largest values in the stratosphere, the two fluxes being essentially deter- 
mined by the wave one contribution. 

. These shortly discussed fluxes are the basis for a determination of the 
interaction between ultra-long waves and mean zonal circulation, according to 
the Eulen*n zonal ly-averaged momentum and thermodynamic equation. The inter- 
action of the zona 1 ly averaged state with the planetary waves is explained 
through the convergence of momentum and heat fluxes. The effective acceleration 
and heating rates, resulting from these terms, have been calculated for the 
monthly mean December of the years 1974, 1975. The largest acceleration appear* 
in high latitudes at 35 km with about 12 ns A /day. The convergence of the 
meridional heat flux seems to give strong heating rates of about 4°K/day at high 
latitudes and at a height of 40 km, but cooling in middle latitudes. These 
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Figure 3* . 

v.luc. are lower than thoae given by CELLER (1982), because here ve discuss the 
•tanding part of fluxes only. The calculated effective dynamical beating ..tea 
in the stratosphere are approxi.jtely equal to the diabalic heating cate. From 
Mr?w?™ C norJ? l -°Y hCOrra Cl a!ARKEY and DRAZl » <*961> and AKDREVS and 

diamine ?h V?. th r ? nC ? btains oi ‘ l " din R physical information vhen 
discussing the influences of the planetary wave oocentuo or beat fluxes alone 

because steady planetary waves without dissipation or internal forcing do not 
force the ronsl mean stale. EDKON et al. (1980) propose the use of residual 
mean equations for a discussion of the net effect of planetary waves fluxes on 
the cean flow. The wave* are introduced into thi* *yston only through the 

r!^ rK T\ th ! E r l i‘“ en ' P * ,n ‘ fluX io tha tonal momentum equation. 

Figure 4 shows the Eliassen-Faln flux divergence for the standing waves as a 
mean value of December 1974/1975. The EPF divergence ha. ncg.tive value, at a 
latitude of 40 *-60 "N of the stratosphere, whereas the divergence term of the 
tulcnan tonal momentum equation is positive so that the ucan ronal state is 

’ C^LEER‘^9BI)‘ r H^ l ! r ‘ t ‘'^ w“ con ; ra * t to ar > acceleration in the Culcrian picture. 
CELUS (1982) discussed this relation for the data of January 1979 where he 
found a tonal mean state acceleration which is reduced by a factor 2 when cal- 
culatcd from the Err divergence. If wc discuss the December mean couristing of 

meJidL^f }? V8lU *' f 5 : 2 * ?- 4 “ b a ‘ a solution, then the residual 

orridiomil flow la induced to balsncc the EPF divergence. 

Furthermore we have inveatigated the connection between standing and 
transient fluxes and their spectral characteristics on the data basis of the 
Vinter period 1970/ v I . The results suggest a relation between the ronal mean 
ultra-long k - 1 - J , n d thr k - 4 - 15 wave transport. One possibility for 
such a relation is that this process is conducted via the mean ron.il state, the 
other is the nonlinear interaction between ultra-long waves and waves k « 4 - 15 

vlriabiliL «f CU u th ? ‘* t,er Mnce P tion father, because it seem, that the time 
variability of ultra-long wave, tn the stratosphere is also connected with thi. 

Fu J therror ' the question arises whether the high intrerse of the 
amplitude, of geopotrntta. wave one or two in the troposphere before a strato- 
pheric warming is related to the interaction between ultra-long and waves k • 
15. This question has been investigated by calculating the projection of 
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nonlinear interaction of b.roclinic wave. with -avenger. 4 - 15 on 
long vavci at 200 ob. 

- -^1 V * v * 0 *u* have been investigated. Tbc*e 
The wave transport teres u«v . v • d cxc ite or dissipate ultra-long 

transport* a^.r in th« ;•-««* ^he v"v\.1 . 2. 3 and ( )* {or the b.ro- 
vavea. The *yr.bo! ( ) ‘tend* \ h % wc .u.cusa for rxoaple (Wv*), aa 

clinic wave k - A - 15 , 5 and the wave k - 1. Figure 5 give, 

the interaction between the wave, k pro ; ect ion on me wavenicbcr. k I, 

the .landing plu. tran.ient wave k io ‘ J t h wave 1 appear, ouch stronger 

2 for the tran.port v‘v«. Th » « <tir . g tc determine the . C ,H>ct.„ce 

• t S *ource°f or **n Ut.rf^n of .landing ultra-long wave, m -del.. 

Figure 6 .how. the geopotential ""'“j'gt^Decenber ^tSs'K. 20lh 

Deceobcr 1970 to January 1971 at 200 ^ vc observed an « c <; cl * re “ on 

Ecccober at 50--70*.., -»d about ^ varoin( . v> . ob , elV ed around 

of wave-one mplitude. For tl j vaf stimulated by the amplitude 

10th January and it senaa that this warn ^ . • necessary 

•> ”V . «*« i «* 

prerequisite for the development of “ ,tr “° r u:sber t . i „ 200 nb. The 
baroclinic wave projection < v * v *| tmt are UtE er than the monthly 

thickened i.olinc. for the wave p j . o{ t | ie curve, .hows that in 

oean total value by a l f#ctor ** ' .trHg baroc linic wave interaction, with 
eiddle or high latitude. wave rap litudc accelerations. Further 

wave 1 correspond with period, of J«8« ^ Lplitude. w«. estimated on the 
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ABSTRACT 

Two-dimensional model calculations reveal that the chemical conditions at 
the stratopause are related to the state of the thermosphere. This coupling 
mechanism can be partly explained by the downward transport of nitric oxide 
during the winter season and consequently depends on the dynamical conditions in 
the mesosphere and in the lower thermosphere (mean circulation and waves). In 
sirrmer, the photodissociation of nitric oxide plays an important role and the 
thermospheric NO abundance modulates the radiation field reaching the upper 
stratosphere. Perturbations in the nitric oxide concentration above the oeso- 
pause could therefore have an impact in the vicinity of the stratopause. 

As indicated for example by DANILOV and TAUBENHEIM (1983), the behavior of 
the D-region io significantly different in simmer and in winter* During the 
first of these seasons, the electron density seems fairly dependent on the solar 
zenith angle while, during the winter, considerable day to day variations 
completely mask any control of the ionosphere by solar or geophysical para- 
meters. Furthermore, as reported already by APPLETON in 1937, anomalous 
increases in absorption of high frequency radio waves occur during certain 
groups of winter days. Even outside these irregular winter anomaly events, the 
absorption and consequently the electron concentration appears to be consider- 
ably higher in winter then in summer. Since the quiet time ionization in the D- 
region ic due primarily to the action of the solar Lyuan-a radiation on nitric 
oxide molecules, the understanding of the lower ionosphere and its probable 
control by dynamical processes requires a detailed understanding of the NO 
distribution in the mesosphere. 

In order to achieve such a study, a two-dimensional model with coupled 
chemical and dynamical processes has been constructed. This model ranges from 
40 to 100 kn altitude and from the North to the South pole. Dynamical para- 
meters such as the meridional circulation and the eddy diffusion tensor are 
prescribed. In particular, the two-dimensional eddy components are taken from 
EBEL (1980) but, as indicated hereafter, cone changes have been introduced in 
several model runs in ordfet to estimate the sensitivity of the dynamical 
activity in the lover thermosphere on the calculated concentration values. This 
model which is in many aspects similar to the model developed by SOLOMON et al. 
(1902) and which is described in detail by BRASSEUR and DE BAETS (1983), 
considers the most important chemical and photochemical processes related to the 
odd oxygen, odd nitrogen end odd hydrogen species as well as the positive and 
negative ions and the electrons. Thii paper will deal essentially with the 
behavior of nitric oxide below 100 kn. 

Nitric oxide is produced in the stratosphere by the oxidation of nitrous 
oxj.de (N-O) in the presence of the electronically exicited atomic oxygen 
0( D). An additional source, essentially at high latitude, is due to the 
action of the cosmic rays. In the thermosphere, ions which are produced by 
solar EUV and X rays ns well as by particle precipitation, especially in the 
auroral belts (relativistic electron precipitation, solar proton events, etc.) 
lead to the formation of NO molecules. Direct dissociation or dissociative 
ionization of N 2 is another source of NO. Calculations t*.ade by Rl'SCH et al. 
(1981) indicate that each ion pair formation produces 1.3 nitric oxide mole- 
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culea. Consequently the thermospheric HO production rate will be controlled by 
the solar and geomagnetic activity. In the present paper, only quiet conditions 
will be considered. Downward transport of nitric oxide from the themosphere 
will depend on the strength of the vertical exchanges and of the chemical 
stability of HO in the mesosphere. As indicated by Figure 1, the nitric oxide 
flux is directed downwards in the whole mesosphere during the winter when the 
lifetime of NO is long and the values are large, indicating that thermo- 
spheric nitric oxide could reach*!he stratosphere and interact with the ozone 
layer. Comparisons of calculated and observed 0^ density for different solar 
activity levels ( SOLOMON and GARCIA, 1983) give Indirect evidence for such a 
NO^ transport above 60*N during the winter. 

VERTICAL ODD NITROGEN flux (crnV) 



Figure 1. Meridional distribution of the vertical flux component of 
nitric oxide calculated with the exchange coefficients suggested 
by Ebel (1980). 


During the summer season, the downward transport by eddy diffusion is weak 
and is even slowed down by the upward meridional circulation. The loss of HO by 
photodissoc iation and recombination is intense and is even enhanced by the fact 
that the lover^teaperature in the vicinity of the summer nesopause reduces the 
rate of the N( S) ♦ 0^ reaction (reformation of NO after its photo- 
dissociation) end thus favors the H( S) ♦ NO reaction (destruction of odd 
nitrogen). Therefore no dynamical coupling between the thermosphere and strato- 
sphere appears in summer and the nitric oxide flux is directed upwards during 
this period of the year. However, as pointed out by FREDERICK et el. (1983), 
the absorption of the UV rodiation by variable thermoapheric NO could modulate 
the radiation field reaching the lower mesosphere and the upper stratosphere and 
consequently modify the dissociation rate of nitric oxide in the 6 bands at 
these levels. The magnitude of this effect appears however to be probably 
smaller than the 11 year variability of the solar irradiance. Figure 2 shows 
the calculated distribution of the nitric oxide concentration for winter and 
summer conditions. It can be seen thst nitric oxide i6 present in winter and - 
that the concentration minimum at the tr.csopause level is very weak during this 
season. 

In order to estimate the sensitivity of the NO distribution on the strength 




NITRIC OXIDE CONCENTRATION (cm' 3 ) 



Figure 2. Meridional distribution of the nitric oxide concentration 
calculated with the exchange coefficients suggested by Ebcl (1980), 


of the vertical transport, the values have been decreased in the thermo- 
sphere by a factor which is uniform with latitude. Three cases have been 
considered: case l refers to the Lbel's values, case 2 to a very slow diffusion 
coefficient and case 3 to an intermediate value. Figure 3 shows the 3 

corresponding profiles for summer end winter mid-latitude. The profile 
suggested by ALLDJ et al, (1981) to explain observed atomic oxygen distributions 
by their 1-D model is also indicated. 

The nitric oxide nixing ratio and flux at the strotopausc for the two 
extreme cases (1 and 2) are shown in Figure 4a and b. These figures indicate 
again that a coupling between the thermosphere and the stratosphere is possible 
essentially during the winter. The strength of the coupling as well as the 



Figure 3. Different vertical exchange coefficients adopted in 
the model calculations. Vertical distributions represented at 
30° latitude for winter and summer conditions. The profile used 
by ALLD1 ct al. (1981) is also indicated. 
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with the 3 different transport coefficients suggests that case 3 (intermediate 
K ) is somewhat more representative of moat nitric oxide observations than 
t£! other eddy diffusion profiles. The corresponding meridional distribution of 
NO is shown in Figure 5 and should be compared with the results depicted in 
Figure 2. It should be remembered that these model results refer to average 
seasonal and diurnal conditions. The magnitude of the diurnal variation of NO 
at selected altitude and at 30 degrees latitude can be estimated from Figure 6. 



WINTER 


LATITUDE (degree*) 


SUMMER 


Figure 5. Meridional distribution of the nitric oxide concentra-; 
tion calculated with the intermediate values of (case 3) 

and Ebel 1 s values for K and K yz . 



TIME (HOURS) 

Figure 6. Diurnal variation of nitric oxide and nitrogen dioxide 
calculated at 70 and 85 km altitude for spring conditions and 
30 degrees latitudes. The total NO concentration is as- 
sumed to be 1.2 x 10 7 and 1.2 x 10° ccf J at 70 and 85 
km, respectively. 





Finally, the electronic concentration vhich is derived from the NO dis- 
tribution shown in Figure 5 and which is obtained from a detailed ionic model is 
represented in Figure 7. It can be seen that the concentration of electrons is 
considerably higher in winter owing to the fact that the nitric oxide density is 
larger during this season and that the temperature and consequently the 
effective electron loss are higher in the winter hemisphere. The model explains 
thus satisfactorily the observed higher radio wave absorption during wintertime 
(which is sometimes called the regular component of the winter anomaly) but 
cannot explain the causes of the irregular components of such anomalous events 
since the calculations are performed with seasonal averages of temperature, 
diffusion coefficients and wind components, Satellite data might provide 
indications on the relative role played by nitric oxide and by the twnperature 
in the appearance of 6uddcn anomalous absorption events. 


CUCIRONIC CONttNtnMlCN Urn 1 ) 



Figure 7. Meridional distribution of the 24 hours averaged concentration of 
of electrons calculated with the NO distribution shown in figure 5. These 
values correspond to solar quiet conditions. 
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During the past two decades three different projects for registration of 
meteoric fireballs were put into operation using multistation photographic 
technique. They have yielded data on several hundreds of fireball trajectories 
some of them with deep atmospheric penetration down to heights of 20 kilometers 
The immediate results of multistation photograph of a fireball ar» the relative 
distances along the trajectory, t> s * an< * the heights. h^g, measured at 
each shutter time-mark, t, (shutter breaks of the image). The precision of one 
value of l . g is of the order of several tens of meters* There are usually 
many tens of independent points (breaks) available for long fireball 
trajectories with independently measured l Q . and h Q ^_. We need a good 
theoretical relation for a least-squares solution of l*l(t) or ii*h(t), where 1 
is the theoretically given distance along the trajectory and h the height. 

Until recently there were no adequate formulae expressing theoretically the 
distance along the fireball trajectory, 1, as function of t. We have been able 
to find such formulae and moreover to find their general form for any 
atmospheric profile used. 


The motion and ablation of a single non-fragmenting meteor body can be 
expressed by the following set of differential equations first presented by 
HOPPE (1937): 


dv 

dt 


r Ap 


-2/3 -1/3 2 

pm v 


( 1 ) 


dm AA -2/3 2/3 3 

dt " " 2C P m V 


( 2 ) 


dh 

dt 


V cos z 

r 


(3) 


where- v is the velocity, n the mass, h the height of the meteoroid, p the air 
density at any time instant t. The parameters are: V the drag .cocf f icient , 

A the heat-transfer coefficient, A the shape factor: A - S cf * 

where S is the head croas-scction and p^ the density of the meteoroid, f, is 
the energy necessary for ablation of one unit of mass and Zp is the angle 
between ; he fireball trajectory and the vertical. The ablation coefficient, 
is defined by 



(A) 


and the shane-density coefficient, K, by 

K - IA o ,‘ 2/3 (5) 

d 

To solve the system of equations (1) to (3), we have to assume a density profil 
of the atmosphere. Until now everybody %/orhing in the field of physical theory 
of meteors and its application to observations solely used the assumption of 
exponential decrease of the air density with height corresjxjnding to an iso- 
thermal atmosphere: 


P » p . exp(-bh) 


( 6 ) 
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where b, the air density gradient, was assumed constant as well as th~ rer 
level air-density, p c . Moreover, the solution of the system (1) to (3) 
known only in the form of v»v(p): 

O 


ov » ?) - E i ( i' oy2) 


1 / 3 1 i 

2K pn„ cxp(£ ov^ ) 


b cos z n 


(7) 


numerical differentiation Si directly observed distances along bhc^fireball 

tc^obscrvations? ' Such^lndUect methol^ieldcd'abl a^ion coefficients and 
initiaHclocities with standard deviation-, much larger than corresponding to 
the accuracy of the measured distance, 1. so the accuracy of the observe 
quantities was far from being utilized fully. 

Recently we have proposed a solution of the system (l)-(3) in a closed form 
expressing l"l(v(t)): 


t - t 


b cos z. 
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b cos z r 
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v o* 


l l ere v 1 are the velocity and the distance w the P°i^t *o"? * The 

where She relative time is counted. The integration variable is denoted x. The 
equations (8) and (9) hold under the assumption (6). The observed value , 

1 and h i. for each independent time instant, t, can be fitted to 
equations ^5 and (9) by the least-square method and the parameters l o , v. 
v , o can be determined. 

In applying our formulae (8) and (9) to observations of fireballs we 

s”ar*r, ^ ^ 

density profile has the form 


t - t ** 
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I: V'di 


( 10 ) 


E< (1 ov3 - E t (| OV 2 ) _ /|, P dh 

E^l owj) - E t (i ov o 2 ) l h 0 dh 


(ID 


aid” can^bc' determinod^hy 1 the^ least-square'cie thod° to Vu Il.rSSew.tioS. to 

(10) and (11). 

Details on both solutions (8), (9) and (10), (ID can be found in two 
recent papers (PECIBA and CEt’LECHA, 1983. 1980 together wUh outlines of the 
numerical procedures and of the computer programs used, .he ablation 



coefficient* and initial velocities cooputed for 10 Prairie Network and one 
European Network fireballs for the isotheirsal atnosphere (1962) and for the 
seasonal atmosphere (1966) arc compared in Table i. Graphical comparison of 
ablation coefficients cooputed for the isothermal atmosphere and for the 
seasonal atnosphere are plotted in figure 1, The following results are evident, 

a) The computed ablation coefficient is strongly dependent on the atmospheric 
model used, Piftcrenccs by using a simplistic isothermal atmosphere are up 
tc factor of two. 

b) The standard deviations when using a seasonal atnosphere are significantly 
scalier than for the simple isothermal model, 

c) The initial velocity differs also far outside the standard deviations fer 
the majority of cares and the values froa the seasonal atmosphere are 
better. This lias astronomical significance in computing the orbits. 

The nain conclusion is evident, Th« generous assumption of simple 
atuospheri c model used up to now for theoretical considerations of wteeroid 
penetration into the atmosphere and for computational applications to fireballs 
yields incorrect results. At least, the density profile of "Monthly 
atmospheres" should be used (C1RA, 1972) for any future theoretical and 
experimental applications to get any reliable data on ablation coefficients and 
initial velocities of fireballs with good dynamic data. Analysing ablation 
coefficients computed for many fireballs of different structure and composition 
of their meteoroids, we could better recognise different type* of bodies and 
Their average characteristics. Then, using the average statistical value of the 
ablation coefficient for each separate structural and cor.p-osit iorul group of 
fireballs, vc could determine details of thr instant air density profile of the 
Middle Atmosphere at the particular cement of any fireball with good dynamic 
data and moreover the local disturbance by large meteoric bodies, Aci in this 
direction vr want to contribute to studies of the Middle Atmosphere m the near 
f uturc. 
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Table 1. Comparison of ablation coefficient, ", and initial 
velocity, v*, computed with constant air density 
gradient, b, and with seasonal air density profile 


Season* 1 
Atmosphere 


0.0229 

-.0009 


o.om 

• .0005 


V 

m 

kn/s 

* 

Season* l 

, V eap(-bh) 

Atmosphere 


14.339 
* .006 


0.036? 

*.0009 


0.0316 

*.0006 


17.303 

*.009 


0.0634 

1.0031 

0.0396 

♦.0007 


0.0604 

r .001 3 

0.0303 
* .0007 


10.975 
♦ .Oil 

15.319 

l .006 


15.346 

!.ro4 


0.0465 

*.0017 

0 .0269 
*.0009 


0.0451 

♦.0009 

0.0146 

.♦.0007 


14.406 
♦ .Oil 

14,289 

•-. 00 * 


14.385 

*.003 

14.317 

,*.002 


0.0132 

1.0020 

0.0107 

♦.0004 

0,0208 

,*.0003 


O.OI76 

-*.0016 

0.0109 

1.0002 

0.0212 

1.0002 


24.617 

1.006 


27.623 

*.009 

24.611 

1.003 


11.578 

2.011 


* Different average valuea of b were used corresponding to different 
height intervals for particular fireballs and to the U.S. Standard 
Atmosphere (1962). 

Seasonal atmosphere were taken frota U.S, Standard Atmosphere 
Supplements (1966). 

















Figure 1, the average ablation coefficient, 1 , 
compute** fren the tieple isothermal atmospheric 
code! O’ - • t . exp (-bh)) it plotted against 
the average ablation coefficient cooputed fron 
the seasuna 1 atmospheric model. Bart are the 
standard deviations. The 4V lino mark* equal 
values of o froa both computations. 
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KETEOR WIND RESULTS FROM ATLANTA, U.S.A., AND RAKEY, PUERTO RICO 

R. C. Roper 

School of Ceophysical Science* 

Georgia Institute of Technology 
Atlanta, Ceorgia 30337 

ABSTRACT 

KS“.?S ta i-4r«£^E , S» < !52 Z\Z SS SSuS Tt\.lZ'° 

A OVII M’«) «c resented end compared. Prevailing vied diurnal and 
circulatio^over * 

T.'.glln emphasised, a. is the need lor the application of severa 
ttMHET'wi tr^ccec^uSah^ of the ueanpause. 

INTRODUCTION 

described by ROPER 0975). and result L tI-WW* hav^bct^publUhed by ROPER 

BPt 5T 

IS when both transmitter and receiving_.it.. were relocated (but still 
remained vithin a kilometer of their previous positions). 

The French (CHET) Meteor Wind Radar, described by CLASS et al. 0978). was 
Tne rrcncn_xv — / arnadil rt — Puerto Rico, durins the summer of 1977. The 

in ‘ l * . l |£ H T ' ec cViKure T, f roo^ATH! EVS et al.. 1981) is located approxi- 
MtclJ 44 kilometers veat-north-ue.t of the 4J0 IM* Thomson -alter radar and 

. The Arecibo Thomson .scatter radar has provided meteor ^ne vied -asure-^ 

'svzw-z b . -.^d .. «, - 

task for uore than a few days at most. 

Other meteor radar, have been operated in the tropics. In • P‘°" e "t" 6 

<»>•) .W :5« w!.. 

43*E) for the period 22-29 Scptcnber, ' ■ reported by ALLEYNE ct al. 

Us provided useful data fro®* Jamaica (16 h, 77 WJ as reporre y 

(1974) and SQIOLEFIELD and ALLEYNE (1975). 

(TS) between 0900 and 1600 hours, August, 197< . 

EQUATORIAL WINDS 

Before the Ramey radar *a. taken over by Ccorp.i. Tech in 1978^ the Croupe 
Radar Meteorique of CKKT had conducted several campaigns, 


J£f- 



Figure 1 



mocmic in n/» cp* io«»s *t noovt ii»u wiw: it c*otv » 


Figure 2. 


approximately 10 days. Data from one of these campaigns (August 24 - September 
2, 1977) is presented here to illustrate some of the features of the equatorial 
circulation. Figure 3 shows the results of lovpass filtering of the data, which 
eliminates the tidal and gravity wave components, leaving periods of greater 
than one day. The most obvious periodicity present has a period close to 2 
days. This is the firm recording in equatorial latitudes of the 2-day wave 
which has received considerable attention at middle latitudes in both the 
northern and southern hemispheres. 

Figure 4 presents the results of a day-by-day analysis of the 24-hour 
component cf the wind apectrum. The fact that the maximum amplitude of thi6 
component is 60 n sec~* (considerably larger than is normally measured at mid 
latitudes), strongly suggests this is a aymmetric code diurnal tidal wind. 
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Figure 3. 


Figure 4. 


Figure 5 illustrates the variation with tine of the 12-hour zonal 
component , with an apparent modulation of the 12-lwur periodicity at approxi- 
mately 7 days. 

Figure 6 presents the zonal prevailing, 24- and 12-hour component 
amplitudes for the period March 17-24, 1979. These results, the first produced 
under Georgia Tech operation of the system, are somewhat controversial, in that 
the.l^rge amplitudes in ail three components on March 21 (which accompany a 
zonal wind reversal from easterly to westerly above 90 km) appear anomalous. 

RAMEY AND ATLANTA WINDS: FEBRUARY - JUNE, 1981 

Figure 7 details the monthly mean winds determined for the period February 
through June 1981, the only period for which long term means are available 
simultaneously from both sites. Some problems were encountered at both sites 
during the period because of F region backscatter folding back into the meteor 
region (range ambiguity). This phenomenon is a problem only at tines of high 
sunspot activity, and is not present for most of the sunspot cycle. 

While winds ore weaker over the 'Vjidlatitude" station (Atlanta is 34*N), 
strong winds and shears in both height and time are characteristic of the 
equatorial (Ramey, 18*11) winds. However, as has been noted previously in 
Atlanta data, if one simply chrocterizes the zonal mean wind in terms of 
‘'easterly'* or "westerly" circulation, it would appear that Atlanta is on the 
fringe of the equatorial circulation, since its "spring reversal" appears much 
later than is normally the case for midlatitude stations. 
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Figure. 8 and 9 of the diurnal and semidiurnal anpUtudes, reapeeUvely, 
have not been analyzed in detail but arc included to cnphasire the much la g 
tidal amplitudes observed at Ramey compared to Atlanta. 


KESOPAUSE CIRCULATION VARIABILITY 

full understanding of the circulation at oesopausc altitude*. This region 
exhibit characteristics of a synoptic neteorology . 

Obviously, the results produced by one or two stations are not of uuch use 
in determining the global nature of this synoptic meteorology. In order to 

URSI/IACA Coordinated Tidal Observations Program, which included incoherent 


DIURNAL AMPLITUDE- 1981 



Figure 8. 
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BASIC FEATURES OF GLOBAL CIRCULATION IN THE 
MESOPAUSE-LOWER THERMOSPHERE REGION 

Yu. I. Portnyagin 
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USSR State Committee of Hydrometeorology 
and Control of Natural Environment 
Obninsk, USSR 


Circulation models, which cover heights up to the turbopause, i.e., 
practically up to the natural upper border of the homosphere, play an iejortant 
part in the studies of general features of global atmospheric circulation. At 
present there are a number of circulation models for the height range up to 
100—1 20 km. For the heignts above the upper limit cf standard radio sounding 
('30 km) these models are based on rocket sounding da a, with non-systematized 
data of meteor radar observations and ionospheric drift measurements used only 
in particular cases. 

Meanwhile as continuous 24-hour meteor radar wind measurements convincingly 
indicate the resultant wind at 70-110 km (mesopause-lower thermosphere region) 
is a superposition of daily prevailing wind and of the winds originating from 
diurnal and semidiurnal variations of atmocpheric parameters. And significant 
day-tu-day and seasonal variations are observed in amplitudes and phaces of 
diurnal and semidiurnal wind oscillations. 

Thus average velocities of prevailing wind at 70-110 fcn can be obtained 
reliably enough only on the base of the methods which allow for daily and 
shorter period observations of resultant wind velocities with further selection 
of diurnal wind velocity means from the data obtained. These are first of all 
the radar meteor trail technique (D2 technique, according U URSI classifica- 
tion) and some versions of ionospheric methods of spaced receiver drift 
measurements (Di technique), such as partial reflection method, drift measure- 
ments in the long-wave range, etc. But earlier circulation models for the 
heights of mesopause-lower thermosphere developed from Dl and D2 measurements 
were based on scanty data. 

By now Dl and D2 techniques have been used and are being used for observa- 
tions’ at a lot of stations located in the high, middle and low latitudes cf both 
hemispheres. The systematical wind velocity measurements with these techniques 
make it possible to specify and to refine earlier mesopause-lower thermosphere 
circulation models. With this in view we have made an e^.ort to obtain global 
long-term average height-latitude sections of the wind field at 70-110 kn using 
the analysis of long-period Dl and D2 observations. Data from 26 meteor radar 
and 6 ionospheric stations were taken for analysis. 

Observational periods at different stations do not always completely 
coincide and in several cases they even do not overlap. Thus the wind .leld 
model based on these data can be considered as a long-term average (climatic, 
model with the accuracy characterized to a first approximation by moiilnly mean 
velocity variance’ D resulting from year-to-year variations of the velocities. 

The estimates from long-period measurements at Heis Island, Molodezhnaya 
Station, in Kuhlungsborn, Obninsk, Jodrell Eank and Adelaide have shown, that on 
the average the value o- K >'Dr can be taken as cm = 7 ci/s (for the 
Northern Hemisphere - 5 n/s, for the Southern o. * 9 m/s). 

An important point in developing the model was the assumption of zonal mean 
approximation being acceptable for a climatic description of the wind regime m 
mesopause-lower thermosphere. The assumption was established on the comparison 
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of seasonal variation of zonal and meridional wind velocities at observational 
stations closely spaced along latitudes but significantly different with respect 
to longitude. 

Figure 1 a,b,c,d shows monthly mean velocities of zonal (v) and meridional 
(u) winds foi the stations located in two latitudinal belts of the Northern 
Hemisphere: 52*-57*N and 45*-50°N. (52°-57*N latitude belt includes the 

stations: Jodrell Bank (2*E), Kuhlungsborn-Col In (12°E), Obninsk (38°E), Kazan 

(49 °E) , Tomsk (85°E), Badary (102*E) and Saskatoon (107°V7; 45°-50°N: Budrio 

(12°E), Kiev (31 *L) , Kharkov (30°E), Volgograd (44°E) and Khabarovsk (HS'E)). 

It is easily seen, that despite the significant differences in longitude the 
features of seasonal variations of wind parameters remain essentially similar at 
all the stations* Jjje respect ive t variance of values over longitude D\ is 
characterized by z 7 m/s, z 5 m/s, which is comparable with 
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Figure 1. Seasonal variation of zonal (u fJ ) and 
meridional (v 0 ) components of the prevailing 
wind velocity at 95 km height, averaged over 
various longitudes for the two latitudinal 
zones: 52°-57°N (a,c), 45°-50°N (b,d). 


It is necessary to point out that at a number of stations distributed well 
enough over the latitudes the measurements were taken with equipment enabling 
the measurement of altitude wind profiles in the height range of 70-110 km. 
(Kiruna, G8*N; Saskatoon, *2°N; Garchy, 48°M; Atlanta, 35*11; Punta Borinqucn, 
18*N; Townsville, 18°S; Adelaide, 35°S; Birdlings Flat, 44*S). As for the rest 
of the stations, measurements refer to the average meteor zone ~95 km and make 
it possible to specify the character of latitu linal dependence of wind 
velocities in the cross sections obtained. 

Besides, for the 70-80 km height range, rocket measurements were also used. 
Comparison has shown the monthly mean wind velocities from rocket data to exceed 
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M A region of ea.terliea in the Southern Hmisphere. 

15J A westerly circulation cell in the Southern Hemisphere. 
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Figure A. Height-latitude structure of the 
zonal wind field (n/s' for June-August 
(a-June, b-July, c-Auguat). 


In contrast to the data on zonal wind, statistically reliable data on the 
latitudinal structure of the ageostrophic meridional wind are mostly available 
for 95 hn tieight, We have made an effort to parameterize Reynolds viscous 
stresses in the equation of motion for the meridional wind using the data on 
meridional wind velocities at 95 kn and the height- latitude sections of neon 
zonal wind. The main contribution into the divergence of Reynolds stresses is 
proved to be given by the teres associated with the vertical eddy transport of 
the momentum. The resulting expression for meridional wind u^ is as follows: 
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Figure 5. Height-latitude structure of the 
aonal wind field (o/s) for Septeaber-Novrobrr 
U-Septeabcr, b-October, c-Kovnabcr). 
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however, the height-latitude sections of the meridional wind field given here 
should be considered as estimates which mostly give information about the sign 
of the meridional wind and to a lesser degree characterize the absolute velo- 
cities at the heights significantly different from 95 kn. 


Meridional wind calculations were U6ed to obtain respective values of 
vertical wind w q by means of integrating the continuity equation. 


Calculation results of field w q are shown in Figure 7 (a,b). They show 
that at 75-105 km heights there are rather large-scale structures of upward and 
downward flows, which can significantly affect many physical processes in this 
height interval and in particular the processes important for understanding D 
and E region aeronomy and formation of the oesopause thermal structure. The 
zones of downward and upward winds alternating along the latitude indicate there 
are global circulation cells in the meteor zone of the atmosphere. The most 
significant arc direct circulation cells connected with the ascent of air masses 
in low latitudes and descent in middle latitudes. Indirect cells are likely to 
exist along with the direct ones in the middle latitudes. Despite a rather 
complicated structure of the vertical winds in the meteor zone of the atmosphere 
their regularity is clear. 



Figure 7. height-latitude structure of the 
vertical wind field for January (a) and 
July (b). 
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WINDS AND WAVES (« HIK - 11 VRS) IN TOE UPPER MIDDLE ATMOSPHERE 
(60-110 KM) AT SASKATOON, CANADA (52 h. 107 W). 
m P. PADAR (2.2 KHZ) SOUNDINGS 1973-1983 


A, H. Hanson, C. E. Meek and J. B. Gregory 


Institute of Space and Atmospheric Studies 
University of Saskatchewan 
Saskatoon, Sask., S7N OWO Canada 


INTRODUCTION 

The Saskatoon MF Radar ha. been operating since 'l^. but in J” 
continuous-sounding, real-tine processing node ««./»«. * W, *J Z__ 

20 s nulse; 7.5 Hz pulse rate; 1 profile every 5 min, 32 height , , 

142 kn. The real-time '‘full correlation analysis" is made possible y c - 
iertUg the 8-bit amplitudes to binary (0.1) with respect to the nean 
sec blocks: partial correlations forced by the AND instruction are accumulated 

continuously for :he whole record; eros.-correlograos and autocorrelations 
result. In a second microcomputer the -proper" peaks are selected and their 
amplitudes and positions are found; these data plus the mean °^“s 

then used to calculate the velocities and pattern ffiEK et 

efficient and of high quality (KEEK and SOIFERHAH, 1979; KEEK, 1980, MEEK et 

al., 1979, GREGORY et al., 1979). 

Most of the atmospheric data shown here were obtained since 1978. Prior to 
that time the limitations of computing systems u.^ily allowed only noon data 
hr) each day -- our interest has always been on the full climatology ° f 
region. However now that we operate continuously each day. ^‘■ “ th ^" ods 

from -10 min to 5 years are available for study: gravity waves (GW), ti^s 

planetary waves (PW) and circulation effects. We will show example, of all of 
these . 


MEAN WINDS AND LONG PERIOD (?^10d) OSCILLATIONS 


The basis for most analyses are lh mean winds at 3 kn intervals (Figure 1): 

such plots reveal tb mean wind end its variation s^, Jthe : U-J ;2 ^_ Vz-h tarnonic. 

G.W. fluctuations. The basic analyst monthly (30-d) and (sometimes) 

to each 24-h of data; and then obtain means for monthly UU o; «n v 

10-d intervals. 

Zonal and meridional cross-sections (10-d «vcra 8 c-) 
years, but we show 1980 (Figure 2). Cc^parisonswtth^CI^U^nj^onstr 
the need to update that model, c.g. ^ ^ ® • ’ di£{er by factors of 2-3 

stronger than CIRA; December vea cr * B tgQN I98la). Important 

within the vortex (GREGORY ct al., (groVES 1969) also exist, his reversed 
differences from an expanded dat orobably due to tidal contamination, 

zonal flow above *90 km appears too strong, probably Groves and 

Mor, seriously the meridional flow at Saskat orvard low above -80 

also simple circulation models that require po of 
km in winter/summer to be consistent wit * the cor iclis torque is being 

gravity waves in depositing miraentum an x because of the equatorward 

actively studied at Saskatoon — winter is a puzzle necau t. 

flow above - 85 kzn. 
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Figure 3. Long period oscillations. 




winter^ l”’ ^stns'po’ n^bV/hVa VnV Str ^ £thencd ** fac tors of >2, largest 

.. — .. m asst Jr:jrj3rs^!r u s,- f ii 

(fWNSON et al., mil'c^SHim et* *“ ™9B2 ""f"' durini: SrRA ™ARKS 
with periods of .veral days up to '100 tea* 1? 816 frc< i ucctl y oscillatio. 

ional now bc,ow ' 8 ° *• ^ - wSAtS gi&a :rsr“ u cf thc 

data (e.g. CRECORY^t^aK* IWlT'cibNiip'd*? Wlnd6 . fron the Radar and fron rockc 
excellent agreement. L'ture^f^ L ?\ C HW) * ^ 

here, demonstrate the quality of the winds data fro. 2 e™J/il 2 r! i,eU * ,ed 
SPECTRAL ANALYSIS (10d - Oh) 

divided into -^‘(aLSlyrsetsr^hrresSl^f t0 th * continuous hourly data, 
calculation is shown in Figure 4 fo a t 8 ,ve P t -*™queney covariance 

The 12-h tide is dominant, and 24-8- 6 winter month (February 1981). 

altitude. There are strong oscillatio.,; of loi °T\ Utions Stow with 
with the STRATWARM of 1981. Seasonal P ° d al60 > Possibly associated 

analysis for 89 to (Figure 5 )TtZ 2 \-n£l£\ ^ Shovn in the Fourier 
»>ont 6, and 2.1, 5-d oscillations are evident cs reel an la J’ £er / 6caller in sicanei 
in summer. These oscillations and others- -*v, ^ 1 but not exclu8 ively, 

frequently observed- thill ™ * * V1 * h P eriods of 1-25 - I6d are 

investigated by SALBY (1981). Caref ul^tud^of ^h planetar y n °tnal codes 
presence of 16h (16.2±.7) and 101, (9 7. *.,?* apectra 'how the 

modulation of the 12-h tide by^' ^^e’K^ * du * «• 

Monpazier (France^during'j 979 / 1 95 ^ ;°° P ?i ed W f th met c<>r-radar winds from 
the occurrence of such oscillations’ lit "IJ 8 ""‘I™' a S—< ‘nt b <^en 
wavelengths (J. L, Fcllous - nrivatt ™ • their amplitudes and vertical 

private communication, to be published). 
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TIDES (12- 24-h) 

The monthly semi-diurnal tides evidence a clear seasonal variation in their 
characteristics (HANSON et al., 1981a, c). Figure 6 shows the so-called spring- 
equinoctial months of March, April, May. March is typical of a winter month, 
with short vertical wavelengths and large amplitudes (Noy-March are winter- 
like). May is summer-like in phase, and its wavelength is usually intermediate 
between winter (43 *6 km) and summer (lfc0«90 km) (HANSON et ai., 1982; MAN SON et 
al., 1983). The transitions from winter to summer-like states ( June-August ) are 
very regular and rapid being centered on March 30 and November 1**10 and 
requiring only 15d. A summary of these features is shown in Figure 7. 
Sophisticated non-classical theoretical models like that of VALTERS CH El D and 
DEVORE (1981) and FORBES (1982b) produce some of these features, e.g., linger 
wavelengths in summer (2,2 mode dominant) and shorter in winter ((2,3 -(2,5; 
modes effects); but their phases and the magnitudes, rapiaity and regularity of 
the seasonal changes are not explained. Comparisons with French U. L. Fel ous; 
and New Zealand (M. J. Smith, C. J. Fraser) data show basically similar 
behaviour to the Saskatoon 12-h tide. The daily tidal fluctuations are 
discussed elsewhere (MANSON et al., 1982): possible causes are non-o.giating 

tides, local tidal forcing and gravity-wave coupling. 



Figure 6. Sani-diurnal tides (amplitudes are arithmetic neanR , 
s.d. shown. 


The 24-h tide is more irregular on a daily or monthly bjsis. ^Theory (e.g. 
FORBES 1982a), suggests that modes such as the evanescent , S_ 2 and 

propagating S A . should be prese- There is actually a seasonal variation, 
with longer wavelengths in sunt, months, and a distinct ptoe variation' C ^6 urc 
8), which theories have not successfully predicted. The New Zealand uata for 
1978-1980 (M. J. Smith, G. J. Fraser - -nvate communication, to be published; 
shown a similar seasonal morphology -.losely involved m ATKAP OJ\P) and 

the 1CMUA Tidal Working Croup. 


GRAVITY WAVES (4 nin - 6 h) 

Ever since the elegant and perceptive paper of C. 0. HINES (1960) on 
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gravity wave* their preience and importance in the atmosphere ha* become 
increasingly obvious* At Sa*katoo» plot* of the *j min wind vector* reveal 
fluctuation* clearly related to internal gravity wave*: the u*e of l-h mean* to 
filter out the shorter period* I* there! ere very important* 

Special observation* were carried out in 197S/1979: *ix Jh canpaigna with 

1 min sar.pl mg time* (fANSOfl et ul., l^Sld), Thctr data shovrd that abort 
period wave* (b ain < t < 90 nin) verc pre*ent in all season*; the wave 
oscillation* also revcalrd polarization, consistent with the absorption or 
reflection of C.l\ with ph.t*e velocities parallel to the mean flow. We shew in 
Figure 9 (right) profile* of the r.o.t. gravity wave osci 1 lationa, the energy 
scale bright* h , and the corresponding energy dissipation (t v )/group veto- 


* «.Vg , ms* 



Figure 9* Energy dissipation by turbulence ( f and eddy diffusion (Kd)* 
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city (Vg): 1 <Vg<!0 c/s. The pro file* of » (*0 05-0 1 u/k » » » » 

with those derived independently Iron i (lading tier teen fcv a Mving'' 
observer): \ is the e.d. of the randoo velocity of the scatterrrs aaaicinv 

'iff™' 1 * tUruIrncr ' 4nd * • Kd tllc rrfr tV dissipation hy turbulence and eddy 
Ujffu.ion respectively ( ZIMMERMAN and MOtrilY, 19/7). Value, of Kd COO-600 
c It) compare veil with other observation*. 

ant .I"’* haVe e? rUer dat “- whlch 41,0 illustrate, interaction, between the C W 
and the ecan flow. Variation, of the height, of naxieu, for the r .«.™ 

flow* on 0 ' M? w *' ,d corrrI ' t *- v >0 veil With hei K l,t. of rever.al of the nean 
How. on a monthly baaia, 1972-74 (MANSUN et al.. 1 975. 1976). Ihi. i. con- 
sistent with G.V. whose phaae velocitiea are anti parallel to the direction of 

rltll^ r C r ^ WhlCh »•««««. and then experience 

critical level,. I.<ir>.r inj-litudea and eventual diaaipation reault, and their 
eorent ua la depoaited into the flow. The icportance of auch a proceaa his onlv 

( -!: y 2 rC T ‘T' 1- ? 1 '. " XOa, ‘ 41,(1 c< ‘ r,d,PMl croas-aectiona froa ohaervatton 

!nd S o»h 2 d circulation rodeta have appeared. As di.cu».ed by UNWIN (1981) 
era, aooe oooentuu depoaition ia required to clc.c off t lie « n-.ne r and 
winter vortices and balance the conaiderable coriolia torque. Aa noted before 

"* u4t " vard fl0 “ <>«° ‘ problea, a, it.'to^ue hi * 

additive to any CV tioncniua deposition! 

. Fir i My ( or w>veral years vc have compared the energy densities of FW 

, 9 f la ’ C) - Krat 10 411 vavoairi i^palabl;. 

CW (>1 5 hi C'Ju^lU bUt i’ y 00 1(0 U "' ,t crdcr <”>crca*ieK) ia FW; tidea; 

Fm .) *;V ) * CJ f l ; 5h,: valu *» «« 1 arp.eat in winter and late, turkey. 

r n 8 /,? 1 ' 41 ‘ ;rOUp '-l^ttiea, the value, of i ate 'I 0 ' J -ICT*; 

<0.05, 0.1 W/*g, respectively. 

Conaiderable effort ia now going in to cessuring CU charact er iat i ca with a 
ah 'ii g ? d£ Sy * ten (GKAVM: T>. to contribute to the R\P C.KATMAP project. Thia 
itniiph«i P ° Ur UnderUandln l ; o{ 0,1 ecalc ‘ ^tion in the upper caddie 
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THE DYNAMICS OF IONOSFNFRIC D-RECIOH OVER EAST SIBERIA 
E. S. Kaiinirovcky 

Siberian Institute of Terrestrial Maf.nctiatc 
Ionosphere and Radio Propagation 
Irkutsk, USSR 


ABSTRACT 


.. .I 0 " 0 Y” r “ uU * of ‘•xpericental investigations of the dynamical regime of 

the ono.pheri' D-region over Coat Siberia arc ,, reacted. Regular «..ur«eni. 
of horuontal ionospheric drifts by the radio method of cloaely spaced 

kH" l fIve’been n carr! 0 H R v * vclcn E‘'> ^an anit ter operating at a frequency of 200 
kH have been carried out near Irkutsk, USSR, air.ee 1975. The seasonal and 

inter-annual variations of prevailing wind (ronal and meridional), and 
amplitudes and phases of semi-diurnal tides are investigated. Evidence is 

Planet rv 'Y^* ^ rC ‘' pon '* of D - r,, B ion dynamics to stratospheric warmings. 
Planetary and gravity wave, are found in the wind field. Comparison with 

analogous measurement, in Central Europe (Colin, CDR ) reveals a 
iphcre Udl,V ' 1 c£fect °" th * d y n “ Blca ‘ regime of the mid-latitude lower thermo- 

The structure, composition and radiative properties of the middle 
atmosphere cannot be completely understood without full consideration of the 
l!mVL?°' P , K on all scales. Relatively little is known about the 

!ne T c ‘ rCU U ° n * U ‘ e 60 l ° 100 rcRion * ‘heir interaction with 
ionospheric phenomena, and their role in vertical transport of trace species. 

reein Th ° r T. i * ob Y v “ ‘ i0 “ * evidence for the broad spectrum of motions i„ the D- 
rcgion. These include zonal and meridional mean ootioi.s, planetary waves, 
tides, gravity waves, synoptic scale notions, turbulence. The most important 
results of oeasur.ment. (structure and composition) include the finding that the 
lower ionosphere exhibit, not only a solar but also a strong non-solar control 
vhLcn it partly of netcoro logical nature. 

The kiddle Atmosphere Program. (MAP) involves the investigation of the 
global wind field in the height range 15-120 km and, in particular, in the upper 
nesopause region This region (85-95 km) has until presently been comparatively 
poorly understood, while its dynamics and structure determine the manner of 
interaction between lower-atmospheric meteorological phenomena and ionospheric 
processes, ke believe that continuous monitoring of the dynamical regime of the 
physics' 11 ' D " r<f£1 ° n ” ° nC of thc nu9t ur B ent t“«ks of the upper atmosphere 

There art some significant difficulties with undertaking of such 
monitoring. Most of the experimental data have been obtained from rocket 
experiments, meteor trail radars spaced-receivers (Dl) using vertical pulse 
ra at (including partial reflections) and a modification of the Dl method which 
includes the use of broadcasting longwave transmitter signals, reflected by the 
lower ionosphere during the nighttime. The last method offers some advantages 
(comparatively simple equipment, no additional radio noise sources) and in 
principle measures thc horirontal drift velocity of ionospheric irregularities. 
But there are good reasons for interpreting these measurements as an information 
on the neutral meteorological wind in the reflection region (85-95 km). This 
method has been calibrated by independent radar meteor and rocket wind measure- 
mentfi and its physical efficiency ia proven. 

The available regular experimental information about the nidlatitude iono- 
spheric wind hsa until recently been confined solely to the American (CRECOKY 
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and KANSON, 1975) and European (FORTNYAGIN and STROlGER, 1978) continents. 

There were no data on the dynamical regime of the lower thermosphere for the 
Aslan continent. For the investigation of the general atmosphere circulation at 
ionospheric heights and of local behavior of the dynamical regime over East 
Siberia, tegular wind measurements have been made by the Di method (200 kKr) 
near Irkutsk (USSR) since 1975. The method we apply yields the wind velocity 
averaged over 30 minutes. The volume of data ('13x10 half-hourly values) 
permits to assets with great confidence the Average characteristics of 
prevailing winds, of amplitudes and phases of the semidiurnal tide, and the 
spectrum of planetary and internal gravity waves. 

Observations are possible only at night (the data interval, depending on 
season, is 8-16 hours long). The instrumentation and processing techniques have 
been described by KAZIMIROVSKY and KOKOUROV (1979). 


It ie evident that the wind velocity modulus in the region under investiga- 
tion is quite stable. Must of the values arc within the range of 20-60 m/s so 
that a wind velocity of AO m/s can be considered typical for this region. It 
should be noted that this value is in good agreement with wind measurements at 
similar heights made in Canada (GRLCORY and MANSOH, 1975) and Australia (STUBBS 
and VltlCDiT, 1973). 


Both during summer and winter, the eastward wind prevails, but during 
equinoxes the westward wind. The seasonal variation of the velocity is not very 
large, maximum values of the zonal velocity being observed during solstices. 

The spring reversal of circulation is as a rule longer than the autumn reversal 
(KAZIMIROVSKY and KOKOUROV, 1979; KAZIMIROVSKY ct al., 1979; KAZIMIROVSKY, 

1981). 


These winds exhibit both seasonal and interannual variability. Interannual 
variability is most pronounced during equinox periods and is associated with the 
circulation reversal in the upper mesospheric region. The winter regime 
(Nov ember- December) is most stable, although some interannual variability in 
winter is also indicated. These variations, we believe, should be interpreted 
as a consequence of the effect of stratospheric warmings (the number and 
intensity of which are different for the same months of different years) and as 
a possible effect of variations of solar and geomagnetic activity. 

In fact the dependence on solar cycle of both prevailing and tidal wind in 
the height region between 90 and 100 km during winter, as found at first by 
SPRHJCER and SCHMINDER (1969) from ionospheric drift measurements in the LF 
range, has been confirmed by FORTH YAG IN et al. (1977) by similar results from 
radar meteor wind measurements . GRECORY ct al. (1980) has revealed a complex 
pattern of trends in zonal and meridional flow. The 11-year cycle response of 
seasonal zonal flow was shown to vary with altitude. Speeds increase from solar 
minimum to maximum by factors of 2-4. Response in the upper mesosphere and 
lower thermosphere was present in suamor as well as winter. 


Ve have found also from our drift measurements that zonal prevailing wind 
increased from 1975 to 1981, but not so fast as in Canada and Europe. This nay 
be connected with the lower geomagnetic latitude of our observatories. 


In addition we found a strong coupling between the dynanical regime of the 
region under investigation and stratospheric temperature. We can track strato- 
spheric vanning effects upon the ionospheric dynamics up to E-region winds 
(KAZIMIROVSKY et al., 1982). 

Ve have investigated stratosphere-ionosphere coupling both for the winter 
solstice and for the spring circulation reversal. During the periods of sudden 
stratospheric warmings there are effects in the ionospheric D-region dynamics 
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1-2 day* after the tine of maximum temperature at the 30-mb level. The velocity 
modulus increase*, the southward transport get* stronger, the amplitude of the 
semidiurnal tide for the meridional wind increases too, and the zonal wind 
decrease and even changes its sign. In winter the meridional wind is more 
sensitive to stratospheric temperature variations but during spring reversal the 
zonal wind is. Statistical analysis allows us to find out that for the most 
prevailing wind directions at the 85-95 km level we have almost always the same 
regime of stratospheric pressure and temperature. We found that the most 
favorable conditions for coupling from below occur in winter, when stratospheric 
zonal winds get weaker and the meridional extent of disturbing processes 
increases. The character of coupling varies not only from year to year .but aico 
from one warming to the other and is determined by the height and location o* 

anticyclones generation. 

Simultaneously with our measurements, a coordinated study of upper 
atmospheric winds has been carried on by the same method in Central Europe 
(Ceophysical Observatory Co ilia, GDR) . Cooperative analysis of the data . 
(SCHMINDER et al. , 1978a, 1978b, 1979, 1980) shows a difference m the wind 
field despite the fact that geographical latitudes of both stations are nearly 
equal and the procedure of data treatment is practically the same. Wc can find 
longitudinal effects manifested in a distinct character of histograms for the 
wind direction, a systematic excess of the prevailing zonal wind in East Siberia 
in comparison with Central Europe, a weaker semidiurnal tide during winter 
month 8 over East Siberia, and different periods of equinoctial reversal of the 
circulation (spring reversal is observed respectively later and autumn reversal 
earlier over Siberia than those over Europe), etc. Thus, wc have obtained the 
experimental evidence for a change of the midlatitude general atmospheric cir- 
culation at ionospheric D-region heights not only with season but also with 
region. We may interpret this as an effect of the dependence of the lower iono- 
spheric dynamics on the climatic characteristics of the region under investiga- 
tion and on the state of the lower atmosphere. 

The reasons for real geophysical variations of the monthly mean values have 
been discussed by PORTNYACIH et al. (1978) and attributed to synoptic 
fluctuations of wind velocities having periods of several days. Such synoptic 
fluctuations arc associated with strato-meeospheric warmings and planetary wave 
propagation. In addition to these processes we believe that variations of the 
reflection height, which are associated with variations of the character of the 
vertical distribution of ionization, may also be significant. Regrettably, wc 
lack information about the three-dimensional global distribution of D region 
ionization. We lack even a complete two-dimensional picture for any height. 
Evidence- for the electron density in the D region is deduced from rocket pro- 
files and data obtained by the method of partial reflection. Large seasonal 
differences and variation from year to year are observed. Longitudinal 
gradients in the distribution of electron density in the D region are also 
possible (in the ionospheric F region these effects are well documented). This 
will lead to variations of the radio wave reflection height in the long wave- 
length range at different radio frequencies and at different locations and even 
at one frequency and one location during different years. We also know that in 
the mesosphere region, the dynamical regime can vary rapidly with altitude. 

Therefore, it is clear that although the morphological study of the space- 
time variations of the dynamical regime on the basis of coordinated programs 
using the radiophysical methods is of great value, these measurements alone can- 
not reveal unambiguously the cause of the variations observed without 
simultaneous careful control of the reflection height with an accuracy of the 
order of a few kilometers. There is a need to organize complex experiments 
combining rnnote sensing and in situ rocket methods of measurements of all para- 
meters of the plasma in the height range under investigation. 
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Essential part of the dynamical regime of the ionosphere with the exception 
of the prevailing wind and tides are the planetary waves and internal gravity 
waves. We studied the spectrum of these waves on the basis of our wind measure- 
ments in the upper mesopauee region (KAZIMIROVSKY and CHERNQBROVKINA, 1979; 
KAZIMIROVSKY et al., 1980) and found waves with prevailing perioda from 20 to 80 
minutes in zonal and meridional wind variations. From the doily values of the 
prevailing velocity and amplitude of semidiurnal tide, we determine with high 
statistical reliability the presence of maxima in the spectrum corresponding to 
periodB 50-60, 32-34, 27-30, 22, 16-19, 10-13, and 4-8 days. The vide range of 
prevailing periods may be explained by the non6tationarity of the processes 
being studied. Actually, a special kind of dynamical spectral analysis 
confirmed the change of the wind field spectrum with the time. 

In conclusion, ve nay say that ve have obtained some new information about 
the dynamical regime of the ionospheric D-rcgion over East Siberia. This 
information can be used to improve atmosphere nodels, such as CIRA-72, which 
have neglected longitude differences above 60 km. For the Middle Atmosphere 
Program, morphological study of space and time variations of the dynamics, based 
on coordinated observations by a network of stations using the radar-meteor and 
spaced receiver methods, is invaluable. 
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Figure 2. Longitudinal effects in ^e results of 

upper atmospheric wind measurements (Dl, 85 95 km) 

obtained over Central Europe and o£ 

seasonal variations (November 1978 Hay i?r>i 
the «“d field parmaeter in the upper nesopause 
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Figure 3. Longitudinal effects in the results 
of upper-atmospheric wind measurements (Dl, 
85-95 km) obtained over Central Europe and 
East Siberia: mean nighttime variations of 
the measured wind, zonal component. 
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MEASUREMENT OF THE VERTICAL C RADI ENT OF THE SEMIDIURNAL 
TIDAL WIND PHASE IN WINTER AT THE 95 KM LEVEL 

R. Schminder and D. Kurschner 

Karl Marx University Leipzig 
Department of Physics 
Colin Geophysical Observatory 
DDR-726 1 Colin, GDR 


ABSTRACT 


When supplemented by absolute reflection height measurements, low frequency 
wind measurements in the 90-100 kn height range become truly competitive in 
comparison with the more widely used radar meteor wind observations. For 
example, height profiles of the wind parameters in the so-cal cd meteor zone can 
be obtained due to the considerable interdiurnal variability of the average 
nighttime reflection heights controlled by geomagnetic activity. 


The phase of the semidiurnal tidal wind is particularly height-dependent. 
The measured vertical gradient of 1/A h/km in winter corresponds to a vertical 
wavelength of about 50 kn. 


Wind measurements in the upper atmosphere, at heights between 90 and 100 
kn, have been carried out at the Colin Geophysical Observatory of Kar*. Marx 
University Leipzig for a number of years now. These measurenents use the 
closely-spaced receiver method and three measuring paths, on 179, ill* 
kHz Thev take place every day between sunset and sunrise, i.e., ni£htly. A 
night in this sense may last as long as 18 tours in winter. Both the Dea « u ^- 
ments and their evaluation are completely automatic, and the prevailing winds 
and tides are separated. 


This technique has a number of advantages which, apart from being able to 
assign wind readings to accurate heights, could be described as follows: 


(1) Daily measurements can be made over longer periods with comparatively 
simple equipment and give very good information at low cost. 


(2) Wind measurements are possible on several measuring paths from one point. 
This gives representative data on the average wind conditions over large areas 
such as Central Europe, from one observatory. The transmitters are broadcasting 
stations which can be used free of charge over decades and whose operation is 
guaranteed by governments. That means we nee'* powerful transmitters of our 
own, and interference is avoided. 


(3) Wind variations with very short periods can be studied because of the high 
measuring density of one reading per minute and measuring path, or even more. 
For example, the average in 1982 was 1.7 reading per minute on 272 kHz; eight 
readings per minute are possible over shorter periods of time. 


(4) The zonal and meridional wind components can be measured at the same time 
and in the same volume in the upper atmosphere. 


(5) The wind records are available on-line. Automatically operated equipments 
allow the parameters of circulation to be provided with a time delay that is 
determined and limited only by the period of tidal winds and which is acceptable 
for a synoptic meteorology of the upper atmosphere; and 


(6) The whole arrangement lends itself to mobile use easily, so that an entire 
measuring network could be standardized on this basis. 
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Figure 2. Fean daily wind variation* in the 90 kn and 
; 100 kn level over Central Europe (52*H, 15°E) in 

| December 1982 deduced fron LF drift measurements on 

3 measuring paths (179 # 227, and 272 kllr) at the 
Col la Geophysical Observatory. v 0 - prevailing wind; 
V 2 - aapiitudc of the semidiurnal tidal wind; Tj - 
phase of the aeoidiuroal tidal wind, tioe of the 
occurrence of the eastward and northward wind 
maximum, respectively. 
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Table 1« Results of upper atmosphere vind measurements over 
Central Europe obtained from LK drift measurements on 179, 
277, and 272 kHz at the Colls Geophysical Observatory. 
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Figure 3. The vertical gradient of the phaae T2 of the 
semidiurnal tidal wind in December 1962 and January 
1983 deduced froo LF drift measurements on 3 treasuring 
paths (179, 227, end 272 kHz) and froo reflection 
height measurements on 17/ kHz over Central Europe 
at the Colls Geophysical Observatory (t - zonal 
conponent, a - meridional component). 
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MEDIUM FREQUDl CY RADAR OBSERVATIONS IN TOE KIDDLE ATKQSFHERE 

P, Cxecbovsky, C. Schaidt and H. Eopka 

Max Planck Institute of Aeronooy 
D-3411 Kat lenburg-Lindau, FRG 

ABSTRACT 

/ 

In November 1982 the HEATING and the PRE (Partial Reflection Experi- 
ment) facilities near Tronso (Norway) were operated together in a pulsed mode as 
a radar system to investigate structures in the middle atmosphere. For the 
first tine, echoes froo the upper troposphere and stratosphere have been 
detected 01 a frequency of 2.75 Kilt. 


The paper will be published in full in: Journal of Atmospheric and Terrestrial 

Physics. 
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STRATWARM EFFECTS IN THE IONOSPHERIC D. REGION WIND FIELD 
c. V. Vcrgasova 

. J^" ian of Terrestrial Magnetiao 

°"° . h : r ' *«dio Wave Propagation (SibIZHIR) 
Siberian Branch of the USSR Academy of Science. 
Irkutak, USSR 


ABSTRACT 


that coupling between dynamical of 1975-1977. It ia found 

•Phere ii effected ^ro^“ SL P e. It tto ^ ‘ trat ° 9phere «<» lover thermo- 
The circulation regime both in fhe « e ‘fnpereture regime of the atmo.phere. 

on location of the eource of pe«urbation« P that themos P hcre dependt 

The effect of warming-induced perturbation. „ lh / at “ toa P h "i‘ varminga. 
lying layers and the meridional extent nf .g C dynamic, of above- and under- 

stratosphere, there is a conn^«v-«m 1 8 nate. In conditions of & warmer 

D-region. A time delay of 1 to 2 dava of*i° W1B j! atabilit y in thc ionospheric 
to occur with respect to atratoaoheric n lower - th o™° s Phere Proce.se. i. found 
cb level. atratoaphenc proce.sca of temperature variation at 30 

meteorological conditions at^h^trono^h eircu J ation Parameters and the 
ments in the D-re e t t m" “ •tratoaphere. Wind measure- 

that there i. a re.Zse "f SI"ri„n / " StbIZMIR eince I974 > Wc believe 

especially to the stratospheric warnings 20 ^!! h° th f SC ‘; a J 0S P 1 ’ eric proceasca, 
VERCASOVA and KAZIH1R0VSKY 19791 f h ? Ve found <VERCASOVA, 1978; 

temperature variations at Jhe 30 .b TevlVd ^ D - region and 

rule we had tonal wind reversal, fro n ! t ,“? f ““tospheric varminga. A. a 
ward wind or even reversal of thc meridional wind e ° 6 ‘ e T ly ' ^creasing of south- 
tide amplitude. The response of the wind field i«’ d*t ? f ccnidiurna l 

maximum of temperature at the stratosphere (T ) ®l a ycd by 1-3 days after the 

vi "' 1 “ d 

?~“v — ... 

temperature, reveal delay effects but Ar> n 2 • a * reElne “ith stratospheric 
of each individual warming! hlLTe*"*.' “! *" y detaUa about effc « a 

of the influence of each individual wirmim. n * d l ° exan f n *- n E the extension 

out limiting our attention only to temperature tbe ionospheric dynamica, with- 

JSu-s xsxr . E ~ii= , sr^.- h s , ar 

on the height range 30 to -85 to a " d incomplete wind profile, (data 

therefore Lly a EnJLSoJJ cto^r" 8 “ n<1 ** interp ° lati °" haa 

met corn logical ^anoly a is^was mIdr! Ch wrconsid«ed‘ , th ‘ n8 a . prel f'"? nar y 
anti-cyclonea , connected with the warn?™ * d 5 ho ™ 8l ° n giving rise to 
boundary, further propagation of a warm £n 


i 
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the pole, there i. an observable cyclone vith depressions e “* nd * n ® *°p° | £l 
Eura.ian and American continent, while over the northern part. o£ the p *cific 
and Atlantic Ocean., two active anti-cyclone, occurred with high upp ?• 

There were no strong winter warming, in the otrato.phere but there were »oa 
local warnings. 

At Irkutsk the warning attained it. maximum stage on 6 , 

teanerature at 30 mb level increasing by about 20 C. The formation of 
cyclone, had significantly increa.cd the dynamical instability in 20-60 km 
lavers which is apparent from Figure 1, showing wind field naps for the tropo , 
strato- and thermosphere. In the stratosphere this dynamical 
as a decrease of the modulus |V /V | (ratio of the zonal to meridional com 
nntwnts) i e as an increase of Xcridionality with increasing temperature and 
pressure' in* the stratosphere. In the period of interest the disturbed region 
(h -u 70 km) was rather close to the lower thermosphere and nay influence the 
ionospheric D region dynamic. (Figure 1). We have eeen the significant decrease 
and reversal of the zonal flow and a significant increase and reversal of the 
meridional component of the wind. Figure 2 shows the influence of tmperature 
and pressure fluctuations at a height h a, 25 km upon the wind profile Btr “' ture 
in the tropo-strato-thermoaphere. For the higher values of temperature and 
pressure the profile seem, to be narrower, approaching the vertical axis. These 
changes are connected with a decrease of the "velocity gradient ( ?” d h r \] . C * t „ 

zonal and meridional flows when temperature i ” cre “**\ .•JelwiW 

for the incomplete wind profiles may roughly be estimated as a '-clocity 
difference at the ionospheric D-region end at 30 mb level, attributable t 
relevant height difference of'60 km. This is particularly typical of the zonal 
flow. 

A change of the modulus of the ratio of the zonal to meridional wind 
component |V /V I for 30 mb level and in the ionospheric D-region, as the 
warain^evolvea, is illustrated in Figure 3. For comparison this ^re also 
shows ?he state of the thermobaric field at h * 25 km for each of the two 
measurement times. For the maximum warming phase this ratio is minimal. » 

at the highest values of pressure and temperature in the stratosphere in winter, 
meridional flows predominate both below (at h - 25 km) and above (in ^iono- 
spheric P region). For this warming the action of perturbation maybe penetrate, 
even above the ionospheric D region. 

The analysis of the seven warmings permits the following conclusions: 

(1) Evidently winter tropo-, strato- and thermosphere circulation sy.t®. arc 
affected by a common source of perturbations that generate stratospheric 
vanning#. 

(2) The character of meteorological impact varies not only from year to year 
but also from warming to warning. 

(3) The circulation regime both in the stratosphere and in the lower thermo- 

sphere depends on localization of the source of Perturbations tha cause 
stratospheric warmings. The force of action of the warB ‘ nE :" nd “^.^‘ Ur 
tions on the dynamics of above- and underlying layer# and the meridional 
extension of processes depend on the altitude and of “ tlc y cloncs - 

Similar inference# have been reached by BUTKO et al. (1978). 
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Figure 1, Maps of tropo-strato-therno spheric wind field 
during the warmings: 31 December 1973 through 25 
January 1976 (bottom) and 17 December 1976 through 
20 January 1977 (top) at 0600 LMT. 


(A) The experimental data obtained over Eastern Siberia confirm the 
theoretical prediction of CHARNEY and DRAZIN (1961), that the winter provides 
moat favorable conditions for perturbations to propagate upwards from below 
because at that time in the stratosphere strong tonal flows are weakened and the 
meridional extension of processes grows. The decrease of the modulus of the 
ratio of the tonal to meridional wind components (Figure 3) is illustrative in 
this regard. 

We ma> assume that the energy of perturbations through planetary waves, can 
be relayed also into higher ionospheric heights, thus causing relevant changes 
in its dynamical regime. 


In April 1976 when a local-scale warming was observed only over Eastern 
Siberia, D-region winds and E and F2 region drifts were simultaneously measured 
by the Dl method. The experimental data thus obtained proved the possibility of 
meteorological control of the dynamical regime of the ionospheric D and E 
regions. (The correlation coefficient of the zonal component of the wind velo- 
city in the D region with stratospheric temperature is 0.77 and that for the E 
region is 0.93, see Figure 4. We had, however, no effects in the ionospheric F 
region dynamics (VERCAS0VA and KAZIMIROVSKY, 1980). 







Figure 4. Correlogrens for zonal and 
30-mb level temperature* 


On the basis of the experimental results obtained we can ‘ £ield 

conclusion that during periods of very strong ^Tturbatio^e ‘ h ^ al 

of the type of sudden winter stratospheric warnings the structure of the 
dynamical regime in the D and E regions of the ionosphere over Eastern Siben 
is largely influenced by the meteorological situation from below. 
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OROGRAPHIC DISTURBANCES OF UPPER ATMOSPHERE EMISSIONS 
N. N. Shefov and N. N. Pertsev 


Institute ot* Physics of the Atmosphere 
Academy of Sciences 
Moscow, USSR 



AESTRACT 

There are some increases of the temperature of the hydroxyl emission (AT ^ 
20 K, z % 90 kn) and of the intensity of the 6300 oxygen mission (AI/I ^ 20 
per cent, z ^ 250 km) for the lee of the mountains at distances about 150 kn ir» 
the case of the latitudinal direction of the wind (U^10 m/s) at tha 3000 n 
level. 

Airflow motions over mountains may be one of the possible processes of 
generation of wave disturbances penetrating into the upper atmosphere (HINES, 

1 9 7 A ; LINDZEN , 1971), The purpose of this paper is to study the penetration of 
orographic disturbances into upper atmosphere. Airplane measurements of 
emission variations of hydroxyl arid atomic oxygen 6300 A near the Northern Ural 
mountains were made* Several nocturnal flights have been carried out in March, 
1980 and January - February, 1981 at heights about 3000 m along 64° northern 
latitude in the Ural region* Spectrographs SP-48 with electronic image 
converters registration for OH ((9,4) and (5,1) bands - 7700 - 8100 A) and 01^ 
(6300 A) emissions were used. The zenith region was observed, and exposure time 
was 2 minutes. This corresponds to averaging of the emission intensities along 
the airplane trace over a distance of 10 km. Simultaneous measurements of 
atmospheric temperature variations at the flight altitude have also been made. 
Data during 13 nights were obtained. The direction of wind was west to east 
during 5 nights, erat to west during 4 nights, and nearly meridional during the 
rest of the cases. During some nights observations were disturbed and blended 
by aurora. Theee data were withdravwn. 

In Figure 1 mean variations of the increments of hydroxyl emission 
rotational temperature ATqq and relative intensity of oxygen emission 6300 A 
for meridional and latitudinal wind directions are shown, A distinct increase 
of hydroxyl emission temperature (maximum intensity level is about 85-90 kn) and 
of oxygen emission intensity (maximum intensity level is about 250—270 kn) is 
clearly seen in the lee of the mountains at distances up to 300 km. There are 
wave disturbances in the atmospheric temperature with wavelengths ah ut 10-50 km 
and amplitudes up to 0.4 K in the case cf latitudinal direction of tne wind at 
3000 m level. 

A comparison of various characteristics of the lower and upper atmospheric 
parameters of the measured data is shown in Figure 2. Circles represent the 
1980 data, and dots those for 1981. It should be emphasized that numbers of 
dots and circles are not the same on all figures as for several flights there 
are no simultaneous data of hydroxyl and oxygen emissions. 

Figure 2 shows that there are some connections between processes at the 
various altitudes. The horizontal distances, X^ and X^q, of the maximum 
disturbance of emissions are the same in many cases. However, there are some 
data of 1980 (circles) when is greater than X-^q. At these times oro- 
graphic effects were observed to the west of the Ural becav.se of westward wind. 
The observed decreases of the Xjen compared to may be explained by an 
eastward zonal component of the thermospheric wind for thij season and diurnal 
period (KILLER, 1981; SEMENOV, 1982). 





\ - * 


14 



17! 



rezion * of dl * t - t ' d •ta./rjir' bctwe “ th *° h *Hvfa^. f of t t 

The di»Ioe»tion of l' r «! e. n **** 

,° f , « t ”^nrc^^rb^^ r \' ro t ® Kr * tUrr di*turt« 3C e 

* (vc,ocity “ “*>« 60-90 ‘;^ y the ^ p 1 " 

*'i^' d o(%Zo l T 0 n^ l''i'rof d i' tutbto " t ' *• 

period* t f or th _ ^PUtodes /t ^ ri f * duriD S connective 

-f th/^ui* ” «*«rv«d on^Io 1 * *?■?»*•• », .'d 


period* t for r .. — ^**kwcc« .’x. hflri.nh* * * *«u*«cutive 

*« of the BowtaiM' °>'"v*d on Jenu.ry V^f"* 1 ** '* «<* 

°[ eorr *'*“««* 

"> ■» ■». • "" .it. tuc ;* 


ft 


/a*' 






173 



Figure 2. Comparison* of nsaaured data: X* horizontal 
distance of the dax iaua incrmcnta of the upper 
atmospheric mission parcseters, tX % halfvidth of 
disturbed region and Al/l. rseen amplitudes, 

U vied velocity end AT tc-operature disturbance 
caplitudes at the 3000-c level. Circles represent 
data of I960, dots are data of 1931. The cross 
is the result for the Hawaiian Islands, triangles 
are the saae for Tokoouka (see the text). 



For *11 the.e e**apW» the horiiontal coeponenta of the group velocity 
C * .re directed downvind, the vertical conponentt C £ arc directed up- 
ward and their value, are alno.t equal. Such wave di.turb.nce. nay "*‘ h ">« 
ce.opaua* within 4-8 houra. recording to the cca.urecenta, d ‘ ,t “ rb ! n "' [ D lh * 
upper tttBotphcrie eai.aion., were observed during the whole period of night 
eeasurroents (i.e., about 7 hours ueually). Tl«e value* o ver ica 
f luxe. F - P • £W/2 (£P and (V, being eaplltudes of pressure and vertical 
velocity} for cured teaperature cplitude. IT were couputcd on the baata of 
linear theory. The reaulta ore also included in Table 1. 

It follow, free. Figure 2 that the value, of di.turb.nce. at v.riou. level, 
of the atno.phere depend upon the wind velocity in the lover atao.phere. One 
can note that there i. approxin.te proportionality between the teoper.ture 
■ * T the height rear 90 tea (aud alao the relative increments 

Of the 6300 million, .M/I) «nd the vird velocity. U. S “ h *"* °* 
ii in agreroent with theoretical miction, of the orographic disturbance 
eaplitude in the upper atBO.phere (near 90 fcn) in certain lisit P 

cetera (ELAHK, 1980). 

It i. intere.ting to coupare the obtained result, with the °* 

the teie.ion behaviour in the vicinity of other eountain range*. **; 
of the .p.tial di.tribution of the 6JC0 asi.eion intcn.ity near the Hawaii 
l.landa (P.QACH et ai., 1964; ROACH «nd C°HD 0 :i. 1973 ) tevc.led • .t.ble -poC 
.trueture very ainil.r to the geographic .tructurc of the ’ e , 
fact Kti..ov.ky .ugge.tcd that the ob.erved eai.»lon norphology l* cau.ed by 
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Tabl* 1. Parameters of four wave trains of standing waves 
for January *6 , 1981 , 


QUANTITY 

1 

2 

3 

4 

Period t, Min 

12* 2 

13.5-2.5 

19*3 

23*4 

Horizontal Wavelength 

v ka 

8. 5-0. 9 

9. 5*1.0 

13.8*1.2 

16.3*1,7 

Vertical Wavelength 
‘ r , km 

14.0*0.9 

9. 2*2. 2 

7.1 *0.9 

6. 9*0. 8 

Horizontal Croup Velocity 
C x C * n/ * 

7.3 *3.3 

5. 8*2. 5 

2. 9*1.1 

2 .0 *0.9 

Vertical Croup Velocity 
C t E . d/» 

5. 51 

5.8*1 

5.0*1 

4.3*1 

Temperature Amplitude 
61 . K 

0.05 

0.09 

0.08 

0.08 

Pressure Amplitude P, Pa 

l 

2 

2 

2 

Amplitude of Vertical 
Velocity ‘W, c/s 

0.1 

0.2 

0.2 

0.2 

Vertical F}ux of Energy 

70 

200 

200 

200 


F x * erg/ca** 


orographic disturbance* penetrating into the upper atnoaphere (SEKENOV et al. # 
1981)* Suppoa ing that the expected amplitude of such disturbances is proper** 
tional to the square of the mountain height (BLANK, 1980), the data for the 
Hawaii mountains ("3000, 4000 and 4200 a) after reduction to the altitude ('900 
n) of the Ural have been represented by a cross in Figure 2. The site of the 
cross corresponds to the uncertainty of the data of the horizontal dinension of 
the observed emission region (ROACH et al, t 1964, 1973), and of the wind in the 
troposphere, which was assumed to be equal to the seasonal mean for this geo- 
graphic region. Nevertheless there is a satisfactory agreement between these 
data. 


There are also some examples of simultaneous variations of missions of 
atomic oxygen 5577 A (i '100 km) and 6300 A, observed in Japan (MISAVA et al. ( 
1981). Analyses of the meteorological situation in the troposphere showed that 
there was wind flowing froa west to east with a velocity about 10 a/6 at the 
isobaric levels 850 nbar and 700 tabar. In this case the relief of Hontu Island 
nay be adopted as a single mountain with a height of about 3000 a and a 
horizontal dinension about 260 km, with its center located about 150 km froa the 
observing station Yokosuka. The observed intensity variations of 6300 A 
emission con be reduced for nountain height in the saae way as in the case of 
Hawaii Islands, The results are represented on Figure 2 by triangles. They are 
in satisfactory agreement with the other data. Of course it would be necessary 
to take into account the hydroxyl rotational temperature data which unfortuna- 
tely are absent in the paper of Ml SAVA et al. (1981). 

The nature of the 90 Ye\ level emission disturbance differs froa that for 
the 250 km level. The increase of the temperature at 90 kn is caused by 
dissipation of waves, generated t*y the airflow over the mountains. The 
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disturbances at heights about 250 kn rice possibly ac a recult of cone dynamical 
transfer from 90 ka up to kn level, naybe in consequence of a piston effect. 
The increase of the disturbance region dimension in case of the 6300 A mission 
intensity cowpared with that of the 90 kn level is obviously the result of an 
increase of the diffusion rate at greater altitudes. According to the experi- 
oental data the mean ratio of the disturbance region dioensions is about 1.5. 

Using the temperature increment at 90 kn level one can conclude that the 
total energy of the disturbance observed along the X axis (in the case of 10 b/s 
velocity. Figure 2) is 

AE - | H k U / T, 0 <!x % 1.6 • 10 12 erg/co 

where N is the particle density of the atmosphere, H is the thickness of the 
disturbance layer, k ia Eoltinann'a constant - With a disturbed region dimension 
of about 150 kn, we get the energy density 10^ erg/co . The average ti*o 
for generating a stable disturbance ia obviously several hours. Since the 
recorded variations in the aeaopauae and thermosphere have existed during the 
whole period of the flight, the lifetime ruay be estimated to be 10^s. 

Therefore the vertical energy flux of the orographic disturbance is about 
10 erg/ca^s. On the other hand, the Gestured amplitudes of the temperature 
variations at the flight level give a vertical energy flux of about 10 2 
erg/cu a according to the linear wave theory (tee Table 1). Such estimations 
show that heating of the layer near the nesopaute takea a email part of 
mountain lee wave energy. 

The authors would like to thank Prof. V. I. Krassovsky for his advice and 
attention to this work. 
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TVXLICUT IHTfHSITY VAR I AT I OH OF THE INFRARED HYDROXYL AIRCLOV 

R. P. Love, 1C, L. Gilbert end R, J. Niciejewtki 

Department of Physics 
The University of Western Ontario 
London, Canada N6A 3X7 


The vibration rotation bands of the hydroxyl radical are the strongest 
features in the night airglov and are exceeded in intensity in the dayglov only 
b« the infrared atnospheric bands of oxygen. Since their discovery over thirty 
years ago, the bends have been the basis of many studies of the behaviour of the 
region near the oesopause such as its temperature, composition and the effect of 
gravity waves. 

One aepect of the hydroxyl airglov behaviour which hat not been well 
studied is the variation of intensity during evening twilight. There are two 
reasons for this: 

(1) Scattered sunlight has made ground-based measurements only possible when 
the sun is more than 6* below the horixon. Thus the only measurements available 
have been from aircraft or balloons. 

(2) The rapid changes which occur at twilight require a time resolution of a 
few minutes. Few airglow spectrometers have the sensitivity to provide this 
tine resolution while maintaining the good spectral resolution required to dis- 
criminate satisfactorily against the scattered sunlight contribution. 

Using a ground-based Fourier Transform Spectrometer, we have been able to 
make hydroxyl intensity measurements as early as 3* solar depression. As will 
be ecen belov, models of the twilight behaviour shew that this should be 
sufficient to provide measurement of the main portion of the twilight intensity 
change. Our instrument is equipped with a liquid nitrogen-cooled gerreaniua 
detector whose high sensitivity combined with the efficiency of the FTS 
technique permits spectra of the region 1.1 to 1.6 at high signal-to-noise 
to be obtained in two minutes. The use of a polarircr at the entrance aperture 
of the instrument reduces the intensity of scattered sunlight by a factor of at 
least ten for xenith observations. 

RESULTS* ' 

Three spectra of the region of the 4-2 and 3-1 CSI bands are shown in Figure 
1. Some of the individual lines of the bands can be readily identified in the 
spectrum taken at 3.02* solar depresoion and the remainder of the band is 
clearly visible by 5.49*. The feature at 6320 cm is the 0-1 band of the 
infrared atmospheric system of oxygen. 

Ve have prepared a computer model of the behaviour of the hydroxyl 
intensity for comparison with the observations. Although the model is 
relatively simple, it is not possible to provide more than a brief outline here. 
Excited hydroxyl radicals are assumed to be produced exclusively by 

n ♦ o 3 at(v<9) ♦ o 2 (1) 

Oxone is produced by 

0 4 0 2 ♦ H - 0 3 ♦ K 

and destroyed through photodiscociation by sunlight 


( 2 ) 




Figure 1. 
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. vell 08 by procc „ (1). At evening twilight, the cessation of proces. (3) 
eads to an increase in the oione concentration end hence in the ^iroxyl 

«vfont of this increase depends on the atonic hydrogen 

”iy .. »5 i k „d.i h.. .uo b.« ™ ..th 

gasr-ijs: - - - » 

illow for the increase in the ozone concentration. 

The model calculation and observations taken on an evening in March are 
shown in Figure 2. The observations have been normalised to Rive h * 8 "^t s. 

££ “‘r ^rr-KE.r:? 

Efeinr.M rz; vJzss sks 

calculation for the normal hydrogen profile. 

DISCUSSION 

We have shown the feasibility of making ground-based observations of the 
evening twilight increase in hydroxyl excitation. The principal value of *“« 
obse vat on. is the information they provide on the hydrogen concentration 

near the mesopausc. a quantity for which there is only .canty data available. 


Pre lirainary data are eons j 
the range 1.5 - 3 x 10 cn 


stent with hydrogen atcna concentrations at 85 kn 
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INVESTIGATION OF AEKONOHIC PROCESSES ON THE BASIS 
OF IONOSPHERIC SPORADIC E 

P. Bencze 

Geodetic and Geophysical Research Institute 
Hungarian Academy of Sciences 
H-9401 Sopron, Hungary 

INTRODUCTION 

The vertical sounding of the ionosphere by means of radio waves is even 
nowadays the cost widely used method of ionospheric research. From the para- 
meters scaled from ionograns only the characteristics of the sporadic E layers 
are directly related to dynamical processes. It is now generally accepted that 

at mid-latitudes E ionization is produced by wind-shear in the lower thermo- 
sphere. 

It is also known that the lover thermosphere is an important region of the 
atmosphere, processes of which affect almost the whole atmosphere. Namely, in 
the lower thermosphere forms the "surface” called the homopause separating the 
homosphere from the heterosphere, respectively the turbopause, the boundary 
between the turbosphere and the diffusion region. The turbopause is defined as 
the altitude where the coefficient of turbulent diffusion equals the coefficient 
of molecular diffusion which increases with increasing height. The changes of 
the height of the turbopause result in variations of the composition of the 
neutral gas in the upper atmosphere. The altitude changes of the turbopause are 
mostly connected with variations of the turbulent diffusivity. At the same 
time, turbulent diffusion is also one of the factors establishing the vertical 
transport of atmospheric constituents produced in the thermosphere to the meso- 
sphere and vice versa. 

Realizing these two facts a method has been developed, by means of which 
the characteristics of turbulence can be determined on the basis of E para- 
meters. s v 

METHOD AND DATA USED IN THE INVESTIGATIONS 

It has been assumed that the wind-shear theory of mid-latitude sporadic E 
is valid. First, the ion-convergence is computed by means of the formula (REDDY 
and MATSUSHITA, 1968) 

dv iz n Q 2 

dz " “ a eff n max^ 2 ^ 

; n \ . . 

max 

W ^ cre Y iz i8 the vertical component of the ion drift velocity, a' is the 
effective recombination coefficient outside of the stratification, n an d 
n are the maximum electron density within the layer, respectively tf!S* 
electron density in absence of the layer. The maximum electron density of the 
E layer is obtained from the measured blanketing frequency fbE , The 
electron density, appearing in the absence of the layer, that is the background 
electron density is computed by means of formulas defining ionospheric models 
(e.g., RAVER and RAMAKRI SHNAN , 1972). In these relations the maximum electron 
density of the E layer was calculated from the simultaneously measured foE 
value, considering the measured virtual height h’E as height of the E 
layer. Then, the vertical shear of the horizontal S wind is determined §y means 
of the equation 
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n^berdmsity b or l the n n-ut d 1 *°° th * fonaula given b y Q ’-A?KAH (1956)?° Th* 10 ” 
neutral colli.ion ° f i0 “" 

Rich.rd. r on-^ber inati0n tUrbule0t Pflr “ ete "« ««t the gradient 



d^X^n^basL^TS TltllT" f ^.^enti.! t^pernture ha. been 

S’ number 

turbulent vind^v^is calculatedhby^neans^f^he^relation^DMCrei, hl^g)****" 8 * 

v - [-0.15 (R.) 1/2 ♦ 0. 08Ju 

where u is the horizontal wind velocity* The latter r*n k* #•« „ » j r . 
thermal wind equation using atmospheric models, or measured value iwe^Md!* 

The turbulent dtffur.ivity ia determined by nean* of the fonaula 


(£ 10 , 1/2 


'0 9z J 

furh n i by . ZIK>2RKy ' aDd MURI,HY (1977) - This «l«tion i« valid, if the vertical 
turbulent spectrum is inertial and limited to the buoyant limited stall ' since 
the dimensions of lnhonorpnpifioo ; „ ,.v rt ~ , .i unueQ scale. Since 

5&2 stuu;^!r" s H!: * 8 '" "* 

TSaC^TO?.? * '™ SSK Z£? 

11 46 E), extrapolating the data to the height of the E* layer. * 

Results and conclusions 

E in diff erent*altitudes habov^the’^ionofloh^ 1 ' £r ° n ^*P b «ic apcradic 

Juliusruh. Hero the wind data ^ur?i k, “ ■ t \ tio « Bete '“aba and 
Kuhlungsborn were uVd “aaa^fngTh^fheh WiTontfl , s P a «d receiver method in 
significantly change vith latitude Tn M,? * 1 u d velocit y does not 

dif fusivity £iven ly £T Tt Z^V ° f 

results agree very well vith the data of other experiments. **“ ° Ur 
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STACK AND TIk£ VARIATIONS AND TURBO PAUSE DYNAMICAL STRUCTURE 

0, C, Oveegeldiycv, L, P. Korsunova tad Yu, Karadstayev 

Fhysico-Technienl Institute 
‘ TurVaen SSR Acadray of Sciences 
15 Cogol Gt 

744000 Ashkhabad* USSR 


Studies of different characteristics of turbulence in Biddle atcosphere are 
being carried out at present by means of MGT-radars, by partial reflection* (up 
to 100 k»), radar and photographic observation* of meteor trails (£0-100 km), 
and also by rocket (EO-UO ka) and grenade <30*90 la) oraeureoent s. The Usst 
studied level here is a turbopauws - a transitional ton* between the region* of 
turbulent and non-turbul*nl potion at the height of nore than ICO ka* At the 
•ace tica, regular ionospheric observations of the tporaJic E layer oake it 
possible to get information of the turbopausc behaviour. 

Indeed, the E layer is the only large-resle formation in the nidUtitud* 
ionosphere whose pa^rcraetsr* are for the most part determined by dynamical 
characteristics of the middle atmosphere (CF.KSHKAX et al« t 1976). The region of 
cost frequent occurrence of E coincides with the tone of wind shears rvtxica 
(0VE2CELDI YEV et si., 1976), wind ahesr* being th* source# of hydrcdynaaic 
turbulence at h>100 kn. Thus, the condition* of E^ fornation and those of 
dynamical stability contervatiou prove to be interconnected, a fact which allows 
us to consider to be a natural indicstor of the turbopause. 

An important property of F. is transparence, caured by the scattering of 
radio waves at small-scale irregularities of electron density, those arc froo 
ran don turbulent notions (GERSHMAK and OVEZCKLDIYCV, 1973). The increase of 
turbulence intensity leads to the increase of E inhooogeoeity extent and to 
the increase of tne scattered energy part. It i.r.d* to the increase of E # 
transparence range C*. fi/f. ). WV say iu this respect that the value of the 
transparence range is a ceasure of the turbulence intensity at the height of the 
sporadic layer. Thus, studying E behaviour one can realize soae of the 
characteristics of lover thermosphere turbulence. These statements are con* 
firmed by investigating the dynamical structure of the turbopause by Beans of a 
spectrua analysis method. 

To illustrate the above mentioned, see Figure. 1 where the profiles of E # 
transparence range are given for Ashkhabad, the data having been obtained by 
hourly observatienu iu 1957-65 at daytime (solid line). The dotted iine 
represents the probability of E occurrence at various heights. A common 
feature for all profiles is the*tran sparenc t increase at the height of 90-1C0 
ka, indicating turbulence intensification at this height level. Since a trar.a- 
parcnce range of ltcs than G.l (in relative units) is induced by radio wave 
ret lection from a thin 'ayer but not by a scattering on the irregularities 
(EORSUhOVA, 1974), its corresponding height indicates a level where turbulence 
does not play any significant part, i.e., the turbopause. It is evident that 
the height of maximum K occurrence coincides with .his level within a few 
kilometers. 

Tlae spectra of the critical frequency f Q E g and blanketing frequency 
f.E foe the records of o spaced chain of ionosphere vertical sounding 
staEicno have been studied by means of a tvsxicusa entropy method, while coherence 
tp<»ctra were analysed with the Blackman «u*d Tukey method (ikARA tv NAYEV, 1982). 

It has been found out that the frequency parameters spectrum of E^ within the 
range of 1-10 cycles/h is discrete with one or two maxima (Figure 2). The 
first, a low frequency naxicua with T-40 oin, is of larger amplitude, stable and 
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Figure 1. Height profile* of E s occurrence end 
transparence range (^~b) for Ashkhabad. 


exist* permanently; the second one vith T*10 nin i* lea* stable, occur* 
irregularly and wore often ao within f Q E apectra. further, the first 
naxinua correspond* to a higher level of coherence which decreases as the 
distance between the ststion* increases. Analysing these reaulta in terns of 
the theory of E formation at aid-la ti tudes , one can conclude that the loy- 
frecueocy ruaxicSa ia induced by cellular eddiea, usually interpreted as wind 
shears with horizontal dicenaion* of not core than 300 tea. Irregularity, asal 
amplitude and low coherence in the range of the second naxioum are indicative 
of the fact that turbulence must be its only source. Horizontal dimensions of 
the corresponding eddies, which are about AO kn, nay be regarded as an 
indication of the cuter scale of turbulence. A corresponding spectrtza of 
turbulence in the region of the outer scale* is defined by the expression 
E<k) 4T 3 . 

Figure 3 shows diurnal variation* of (a) the ooet probable heighta of 
and (b) transparence range characterizing the behaviour of the turbopause 
and of turbulence intensity for lusncr eolstic* conditions. It is obvious that 
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Figure 2* KEM power spectra f 0 E s (l), 
f h E s (2) and coherence spectra of 
these parroeters. 


it n id-lat i t tides h— varies vith a srai-diurnal period, reaching its caxicua ®t 
)600 and 1800 LT with an amplitude of *10 kn. As it is clear freo trane- 
psreace range variation., turbulence intensity v.rie. with * 

reaching it. maxima at night. The amplitude of variations fron day time till 
night is by a factor of 3. 

Annual variaticna of the above-mentioned turbopause parcaetera for night 
hour, are represented in Figure 4 where the vertical line, give the di.per.ion 
when computing the average. Figure 4 show. that the character of b^. varia- 
tion. depend, upon latitude. At t<50‘N the turbopau.e height varies with an 
annual period, increasing in .ummer and decrea.ing in winter. , 

beside, a .uner maximum there e/iat. a winter uaxi Cl « a. well. The “plltude 
of variation, incrca.e. with latitude, but doc. not exceed 7 to. Turbu ence 
intensity ha. a semi-annual variation with maxima at .olttice., the 
mtxintn Lplitude increa.ing a. the latitude increase.. Circ lea in ^* ute 
represent the results of the turbop.use height measurement. in the 
experiment. and a snail-scale turbulence (1-5 to) inten.ity, define* by the 
fading meteor trail reflection, for the eorre.pondmg latitude* (TF.nih, 1976. 
Vos ZAHN, 1970; SCUOLZ and QFFERKANN < 1974) ; ROSENBERG ct si., 1973), GOLOK3, 

1 97 4^^S Cl'l AE FER , 1969; TR1HKS et al.. 1978). It may be noted that th«r« «» • 

aatisfactory agremeot in the order of value, of the turbopau.e h “ 

the character of the annual variations of turbulence intensity, measured by 
different method.. Regularities of the turbopauae .pace and time vm.tioa. 
deduced, are also characteristic of the southern hemisphere station., .ttu.ted 
in other longitudinal tones. 
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Figure 3. Diurnal variation* of the nost probable 

Af b 

height* of E s (hE s ) and transparence range (— ) 

for aursaer solstice. 


Thu*, froo the above, one can coco to the following conclu.iono: 

turbulence intensity i* higher at night than in the daytice^ 

the height of the turbopause in latitude* 30-60 N u higher in *uaBer than 

in winter and at equinoxes; 

variation, of the inten.ity of the turbulent procea.e* are charactented 

a. *eni-annual, with uaxina at aol.tice. and mniw at 

the ncplitude of both turbopause psraaeter* increase* a* the latitude 

increases. 
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Figure 4, Annual variations of the turbopause heights 
and intensity of turbulence for nighttine. Circles 
refer to the result* of rocket ceasuroacnts . 
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HIE HICH-LATITUDE D-RECION DURING ELECTRON PRECIPITATION EVENTS 

J. K. Hargreaves*, P. N. Colli** and A* Korth** 

♦Department of Environmental Sciences, University of Lancaster 
Bailrigg, Lancaster, England, 

**Max-Planck-Institut fur Aeronomie, Postfach 20, 

D-3411 Kat lenburg-Lindau 3, FRG* 

The paper is concerned vith the fluxes of energetic electrons entering the 
high-latitude atmosphere during auroral radio absorption events, and with their 
effect on the electron density in the auroral D region. We attempt to calcu- 
late the radio absorption during precipitation events from the fluxes of ener- 
getic electrons measured et geosynchronous orbit, and then consider the use of 
absorption measurements to indicate the nagnetospheric particle fluxes, and the 
production rates and electron densities in the D region. 

Although riemeters have been operated at high latitudes since the Inter- 
national Ceophysical Year of 1957-58, and despite a general acceptance that in 
the auroral tones they register the effects of energetic electrons which reach 
the D region during precipitation events, there has persisted a lack of hard 
evidence on the couae-and-ef feet relationships involved. It has cot been 
clear, for example, which part of the electron spectrin causes most of the 
auroral radio absorption, or how exactly one can account for the absorption 
quantitatively froa knowledge of the electron spectrum. Further, it has not 
been established whether radio-absorption measurements using riometers can 
serve to indicate the magnetospheric fluxes, the fluxes reaching the atmo- 
sphere, or the resulting electron density distribution in the lower ionosphere - 
though useful results from rockets have recently been published concerning the 
1 cst point (Friedrich and Torkar, 1983; Miyazaki et al., 1981). Considering 
the advantages of the riometer technique as an auroral monitor (simplicity and 
continuity of operation, and suitability for use in a network), and an increas- 
ing tendency to combine rioneter data with measurements froa other ground-based 
techniques such as cameras and magnetometers in auroral studies, it would be a 
great advantage to have a more specific interpretation of riometcr data. The 
comparison which we attempt here therefore has a practical aspect as well as 
the scientific one. 

There are several links in the chain of events connecting magnetospheric 
particles with auroral radio absorption: 

Particle fluxes at geosynchronous orbit 
* 

Ionospheric particle precipitation 

Electron production rate 
* 

Electron density profile 
* 

Radio absorption profile 
* 

Total radio absorption. 

The ionospheric production rate has been calculated froa the incoming spectrin 
of energetic electrons using the method of Rees (1963). The conversion of an 
electron-density profile to an absorption profile is straightforward given an 
appropriate neutral-atmosphere model, and the final integration to total ab- 
sorption is trivial. Since there are uncertainties about the ionospheric loss 
rates linking production rate to electron density, we may be able to narrow the 
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possibilities here; however. it turn, out that the.e ere *?*“!* l# 

the relation between Dagcctoapheric particle® And tho&e reach g 

sphere* 

Penaan et ai. (1979 a, b) attempted to calculate auroral radio 
using particle data from the geosynchronous ATS-6. Those data included elec- 
tro/energies only up to 80 kcV, and one result of the investigation was th 
0 ' e 40-60 keV band wa. important in auroral absorption production, 

extrapolation of the spectrum suggested that the 80-160 keV band should also be 
innortant Although reaaotsable agreement betveer calculated and obaetve a 
'.orTtion va. obtained for seme events, the smaller event, presented greater 
difficulty. 

The present atudy use. the medium-energy charged-particle “ 

CE0S-2, which cover, "the energy range 15-300 keV. The ^^ctor rc eption ang e 
ia rectangular, * 2* by ♦ 3*. and the attndard data processing sorts the fluxes 
Into bins according to pointing angle, (with respect to th * 

vhose orientation i. knovn from the magnetometer) of 0 - 5 -then every . 

up to 175* - 180*. There arc 15 energy ranges, the energy being deteiy 
pulse height analysis. The events studied were selected using ^e University 
of Lancaster riooctcr network in Scandinavia. To try to ensure 
footprint was close to the ground stations events were only xt .^lUte 

similarity of time variation between the absorption event and the 
particle flux, and if the absorption event was fairly uniform °ver the riocetcr 
network The absorption was calculated from the meaoured 0-5 fluxes for J/ 
SSSi. between September 1978 and June 1979, two third, of them during the 
winter months. The absorption measured at 30 10U ranged b «ween 0.1 dB and 
6.0 dB. Initially, a height profile of the effective recombination coeffl 

cicnt. a vas assuced on the basi® of published literature* 
e 

Calculations of the absorption assuming that the measured 0* -5* flux l» 
indeed the flux precipitated into the atmosphere give values th “* a " “ bo 
right for large events but are consistently over-estimate, for the small 

event®. Taking the ratio R - A 0 b 5 /A calc» vher ? A obe, A colc f th . 

spectively the observed ar.d calcuiateiiabsorption values, it is found tnat b 
variation of R with A obf is well represented by a relation 


R * 1.15 tanh ^ A 0 b fi /^*^^ # 


ass s&vzzsz re srz . 

gA.’ssa.r » otes i -sav- 

ThS^s night S^no^r^^^ e<1Ually vell f f ° r . 

botS se» 8 «d it appear." therefore, that solar Illuminati*. ha, no aigmficant 

effect. 

It secas likely that the departure of R from a constant value stems from 

the assumption that the flux recorded by the CE ° S , d * te '5° r .^osih e« 1D Th? 
angles 0* - 5* i® the flux actually precipitated into the at °°*P“*** # 
theory of pitch-angle diffu.ion given by Rcnnel and Pet.chcck (66) .tov. th.t 
there y will be a distribution of pitch angle, within and J m 

___ A qince the theoretical lose cone in our ca»e i« 2.6 , the detector i 
Tec^d particles ou»idc the loss cone th.t do not reach the atmosphere How 
serious this is depends on the pitch angle diffusion coefficient, D. If D ia 
sufficiently large we have atrong diffu.ion, with the loss cone refilling 
rapidly and" an almost uniform distribution of pitch angles. In this extreae 



the 0* - 5* flux indeed represent* the flux in the loss cone. But .? _ 

snail, diffusion is weak end there will be a hole in the pitch-angle dx ®“ 
tion, a depletion to which the • 2* by • 3* detector is relatively insensitive. 

Calculations based on the Kennel and Petscheck theory have been c * r * led 
out to predict the response of the detector aa functions of pointing angle «uid 
diffusion coefficient, and by going back to the raw particle data cxaaples have 
been found which tend to confirm that the loss cone is more depleted ^ 
to the region just outside the loss cone) for veak absorption events than for 

stronger ones* 

For an a-type loss process the radio absorption should be proportional to 
the square root of the production rate. Wc therefore identify the term tanh 
(k /3 3) with (F /F ; ■ where F ie the flux precipitated (i,c. 

within the 2.6* lo6s cone) and F iS the 0* - 5* measured flux. From this 
relation it is seen that F /F exceeds 50Z if A ob(J > 3 dB, but is only 10- 
if A - 1 dB. To get th£ rStio over 90Z, approaching an isotropic particle 
distriSution therefore, the observed absorption must «“f ed * dB * ' ^““ars 
events as large as this arc infrequent. (During the whole IMS period 
there were only about 35 events > 6 dB in Scandinavia). It seems, th^efor , 
that most auroral absorption events occur under conditions of leas than strong 
diffusion. 

It is also possible to relate the magnitude of the absorption eve^t tj 
that of the diffusion coefficient. Values range between about 1 x 10 s 
to 3 * 10” 5 * froa strong to weak absorption events. 

Having derived a method for calculating the radio J'?? ^ rtlCl * 

fluxes neasured at geosynchronous orbit, ve now consider what a ? , 

measurements using a riometer can tell us about oagneto.pherii • P*««l« “ d 
about D-region electron densities, and what reliance can be placed on such 
estimates. For this purpose the precipitating electrons are considered in 
energy band. 20-40 keV, 40-30 keV, 80-160 keV and 160-320 * ,V \ / 
energy flux within a given bend and over pointing angles 0 -5 show the « 

sociation with the neasured radio absorption to be best tor th rt -; A tion 

80-160 keV energy bands. The band 160-320 keV show no significant asso.iation, 
indicating that these particles do not usually pioduce much auroral absorption. 

For the 40-80 keV and 80-160 keV bands it appears that the measured auroral ab 
• sorption provides a worthwhile indicator of the energy flux if the absorption 
exceeds 2 dB. Below that level it places an upper limit on the < ^ 

Equations have been derived for these relationships, both for 0 - 5 and for 

trapped (85* - 95*) particles. Ho day-night difference is evident. 

The procedure has been carried through to estimates of electron-ion pro- 
duction rates and electron densities, both at a is related 

region. As an example, the estimated production rate (Q) at 8^ tojia related 
to the 30 mz absorption (A) by Q - 4620 A 2 , where Q is m cm s and A 
is in dB. The scatter of the data pointo suggests that a prediction using this 
formula would be correct to within a factor of 2 on 95Z of occasions In con- 
verting production rates to electron densities .several prof lies of the effective 
Tecombination coefficient, o (h). were tried, and the 1 d <w ^ e ^ reBCO 

entirely consistent with published estimates of a ) was influenced by referen 
trrocket“ato on D-region electron densities during aurorsl absorption events. 
Se"««d«o arrived at gives electron density prof les that agree 

reasonably well with the analyses of accumulations of rocket data by Friedrich 
and Torkar (1983) and by Miyazaki et al. (1981). 

This study is being published in lull in the Journal of Atmospheric and 
Terrestrial Physic#. 
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HIGH-ENERGY PARTICLE EFFECTS IN THE D-REGION DURING 
AND AFTER GEOMAGNETIC STORMS 

E. A* tauter and C. -U. Wagner 

Academy of Science* of the G.D.R. 

Central Institute of Solar-Terrestrial Physics 
(Heinrich-Hertz-Institute) 

DDR-1199 Berlin-Adlershof , G.D.R. 



ABSTRACT 

The precipitation of energetic particles from the magnetosphere produces a 
remarkable modification of the mid-latitude D-region structure during daytime 
and at dawn and dusk conditions. Beside the heavily fluctuating precipitation 
during the main storm phase there exists a more continuous input of high energy 
electrons into the mesosphere in the belt between 0 m 50® and the auroral rone 
up to ten days after the disturbance. The excessive D-region ionisation, the 
after-effect of geomagnetic storms, is caused at least partly by additional 
nitric oxide production. Especially the winter anomaly effects are amplified 
and prolonged by this effect. The source of this mid-latitude particle precipi- 
tation is thought to be situated in magnetospheric slot region processes. 
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SOU. EUR. « THE SECTOR STRUCTURE EEEECTS » THE TRUER IOHOSPHERE 

J. Lastovicka 

Geophysical Institute. Czechoslovak Academy ° f Sciencc » 

P ^ 141 31 Prague 4, Czechoslovakia 


ABSTRACT 

About .. .n et». f *r ut-s «iS . ob ;r4 

« "b°- 5.4) .1 corpuscular cri t in ... >« 

tercsting. 

.0. 1® • ,i i t :.r., t r l .5;;:ic»r,u«rc t .-::” , .r"'c. t ” 

minor in comparison with e££eE£ ® ° Th fi l 0 t’type is a disturbance. best 
There are two basic types of effects^ J P he pi^ht-time ionosphere, 

developed in geomagnetic activi y, „ ctor structure related changes of gco- 

It can be interpreted as a response developed in the 

magnetic (- magnetospheric) activity. in the da*- time -no- 

troposphenc vorticity a nuietening in the ionosphere nr well as 

sphere m winter. This ette ! former type i» persistent m tit&e, 

grass’!, sys ... 

..ri;u-T CT p.lb.« 40 

m obcerv.ble Il» ..Co. ..rue. <»“*• 

SOLAR FLARE EFFECTS 

... .a .ua„ tErESEr.." 1 ”' “*S ’ *£!' 

tudes, of solar flare or /f t n t ^ r p ^" a P ^8 Ob ervatory (Czechoslovakia) durwg 
1Z of all SIDs, observed at thc t of solar XUV-origin. The SID 

the period 1960-1973, has been £oun * b * n ° w gFA SEA an d SDA. Almost all 
monitoring system at Panska ®* ®°“ ded by one SID monitoring method only, 
peculiar SIDs, however, have been recorded y or i E I n , observed at 

Among them, the very rare SWF events ^ in Tablc i. The first event was 

h - 2.4, are most interesting. Tbe J. . The ecC ond e/ent was associated 

observed under quite calm sol.* cond The a *““ veot> Md „ ith . very 
with a very veak radio burst at .he g event. The third event was 

weak radio burst and subflare near : the ^ before ^ bcginnin g of 

accompanied by an unconfirmed flare “ iatcd uith x-ray bursts. On 

the event. Hone of these three -^observed under considerably enhanced geomag- 
netic Activity* S& U 

(E > 20-40 keV). 

, 17 j une p70 near noon (1048-1055-110 UT) 

A similar event was observe f ° n ” weak SFA accompanied by a weak flare 
as a SWF of a medium importance and a v y $UF< The c .-cnt was 

with quite insufficient X-ray flux t P tic Btoria . Fortunately, t * 

observed near the maximum, of a moderat 6 ^ a B«< ( bo th '.rapped and 
COSMOS-348 satellite, which * ‘os”!)! ?l.e. during the event). Figure 

penetrating fluxes, cr ° secd L * d electrons observed at the same local time 
1 shows energetic spectra of Era PP* d c£ ® d du .: ne a strong geomagnetic atom a 

£ ;i;r,sr -srs -sr 

riS:i.sE“?«cu“r.ssu.T ..... » s » r 



Table l: Peculiar SWF event* of corpuscular origin, lecnrded At 2775 kHz (re- 

flection point 52*2/ N, J2*27 E, L - 2.4) and 2614 kHz (reflection point 
52 08 K , 11*00 E, L • 2.4), x - unconf irned flare* 


Date 

start 

max 

SWF 

end 

icp 

X-rays 
( 1 • HA ) 

Optical (lar* 
start end iop 

Radio burst 
start end inp 

k p 

1971 

09/25 

0602 

0610 

0627 

1 

no burst 

no flare 


no burst 

~ *■ 

5- 

29» 

1972 

08/26 

0637 


0737 


no butst 

0713 0736 

-N 

0633 C638 weak 
0706 0712 weak 

w 

I J* 

1 1 

1973 

10/18 

1249 


1330 

1 

no burst 

1236 1254 
max 1238 

IF* 

no burst 

5 

28* 



Figure 1* Energetic spectra of trapped electron* be- 
tween 20-200 ke' ; At L - 2.4 for the SID event in 
question (top curve) ind for a severe geomagnetic 
storo (bottom curve) as measured onboard C0SM0S-348 
(after LASTOVICKA and FEDOROVA, 1976). 


(LASTOVICKA and FEDOROVA, 1976). Unfortunately, this result is not full proof, 
because the satellite measurements were performed over the Southern Hemisphere, 
but it strongly supports the corpuscular origin of such peculiar SWFa. 

IMF SECTOR STRUCTURE EFFECTS 


There are several effects of the inter planetsty magnetic field (1KF) - 
those of the north-south component B^ , those of changes of polarity of the 
azimuthal , P* v# and radial. B^ , components, and those of crossing of the I MF 
sector boundary. The effects of change# of polarity and magnitude of all three 
IMF components in the lower ionosphere are essentially a response to the 1F.F 
generated changes in geomagnetic Ci.e., ragnetospheri c subatorn) activity. Thi 
not the case, however, when the IMF sector boundary crossing effects are con- 
cerned. 
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Th* IMF »cctor boundary ia a well developed physical itructure, a 
current sheet (WILCOX, 1979) dividing the interplanetary .pace into two ? 
with opposite prevailing R polarity. A crossing of such a well ^veloped 
.pace structure , -ccoupamJd by an increase of the 

1979) an^ of its geoactivc aouthward component (SGIKEI6F-K, 197 )• 

Hie Earth's rt.gneto.phere, iono.phere and oven ttopo.phcre. 

There are tvo b..ic type, of re.pon.e. to the IMF .ector boundary 
(Fig. 2), both briny, observed. «on R other., in the ionosphere, 
nctic type i. manifested be.t in geomagnetic activity. Thi. effect »• » &-•- 
turbancc and con.i.l. in a chanp.e aero., the .ector boundary and n» . gmli 
VanT difference between the level before and after boundary creasing. In 
equinoctial period., the effect of IMF fHil.rity chanRe. (B ) becoce. coapar-_ 
able to that of the sector boundary crossing lteelf. The cf 
aerved in R, aouthward 5_ and cosmic rays (l-ASTOVICRA, 1979). p 

apher ic typ^ i. nanifeat^d beat in the tropo.pheric vorUaty -tea index {\Al) 
and consists in a narrow deep depression centered at the ay o un a 
ing. Thia efiect ia Quietening, not a disturbance. 



Figure 2. The IKF sector boundary crossing effect 
of the grooagnetic type in A ( logarithmic taean) 
and of the tropospheric type-in VAI (tropospheric 
vorticity area index at the 500 cb level). The 
data are expressed in ratio to the xcro-day values 
Vertical line - boundary crossing (reported to 00 
UT). 


Figure 3 show, the geooagnetlC tyP* ntl^Europebin^inter?' The nb.orption 
.orption in the lover xono.phere o ;" D ^ n ‘ r «‘ o [“ r °rc,uencie.. The efiect in 
i. higher often the cr...« k W ' J^p.ri.o. vith geco.g- 

Ahaorntion is nuch weaker than that in a , oir.ur k 

netic P *tora or .ol.r activity effect. in P the lover iono.phere. 

In order to c.tioate the .tnti.tical .ignifie.nce of ^ta^i^^in Hg..^ 

D * 

siderably weaker at L • 2.1. 

The geomagnetic-type effect i« observed in the lover ionosphere in winter 
only «t night/ In equinocli.l periods, ve can again observe the grooagneUc- 
type effect in absorption only .t night. No significant effect i» 
near noon. The boundary crossing effect itself i. a little vo.Ver " t to 
winter, but the effect of change, in IMF polarity^ con a able to (or even 
atronger than) that of boundary crossing (UoTOVlCKA. 

Figure ft .how. the tro P o. P heric type effect in the noon radio w.ve ab.orp- 



Figure 3. The geomagnetic- type effect in A *nd nighttime 
radio wav * absorption in the lover ionosphere over Central 
Europe in winter (1966-73 - after LASTOVICKA, 1979). The 
data are expressed in ratio to the ciosting-day values. 


Table 2: Statistical significance of the difference between extreme mean data 

points, P, the probability of this difference being positive in individual 
crossings, 8, and the number of boundary crossings used, n. 



272 kHz 

night 

245 kKi 

2775 kHz 

day 

245 kHz 

5kHt 

p 

862 

99,52 

98.52 

99.52 

992 

B 

572 

642 

622 

642 

622 

n 

41 

69 

56 

70 

61 


tion in the lover ionosphere over Central Europe in winter. The behaviour of 
the absorption is similar to that of VAI - a narrow decrease of absorption 
(even if considerably seller than that in VAI), i.e. quietening in the lower 
ionosphere, just after boundary crossing. Tabic 2 shows that the effect is 
statistically significant and important at both frequencies. The effect of 
such type is observed in the lower ionosphere in winter during day-time only. 

*»•» i,., F ^' Ure 5 • hov * the IHF sector boundary crossing effect at the 5 kHz and 
27 kHz integrated level of atmospherics observed in Central Europe in winter. 
In view of differences in the patterns from different obsetvator ies . of the 
shape of curves and of the low statistical significance of the results, hardly 
any effect can be observed at 27 kHz. However, the 5 kHz atmospherics display 



1.C5 

100 


2775W* 



Figure 4. The tropo.pheric-type effect in VAI 50feb end noon 
radio wave .b.orption in the lovertono.phere ov. Central 
Europe in winter (1966-73 - after LASTOWCKA. 1979). 



Fieure 5. Sector boundary croesinp effect* in 5 WU and 
27 kHt atnoapheric* in winter (1966-73 " 

SATORI 1982) • Full circles - Uppsala (59.8 N* 17. b EJ 9 
Jin circle. - Kuhlung.born <54.I*N. 1I.8*E>; croa.e. - 
Pan aka Ve. (50.i‘H, 14.6‘E). 
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• sharp caximn just after crossing. The shape of the 5 Ulr cunrc resembles an 
inverse form of the VAI curve from Fig. A. Unfortunately, comparing the SID, 
geomagnetic store and Forbush decrease effects in the 5 kHi atmospherics, it is 
difficult to say definitely, vhether the observed effect is quietening or not. 

. , h A, t n Cg w r ?* ^ 8 tratosphere, the IHF sector structure effects were studied 
i ! CVCl toa F rri| ture and the 10-mb level height above Berlin- 

T«ape lhof during day-time (LASTOVICKA. 1979). No significant effect vas ob- 

^ qUa " tity t n fP ite of the that statistically significant 

effects vere observed in the lover ionosphere in the sane geographic region. 

!l ,c " era * *°v lftr A , Ct A vity ^ F 10 7 ^ increased quasinenotonicaly from the -3 to 
the 2 day by about 1.52. Thua the solar XUV radiation did not affect the ob- 
tained results significantly. 


The f Q F2 response to the IMF sect 
the lover ionosphere. We observe simul 
the lover ionosphere end the F2 region, 
tropospheric-type effect (LASTOVICKA. 1 
TRISKOVA, 1982). There is only very ve 
structure in the E-region over Central 
SATORI, 1982). Thus the vertical patte 
the F2 region, small effect (if any) in 
the lover ionosphere, no effect rather 
cant effect in the troposphere (only of 


or structure is quite similar to that of 
tencously the gecnagne ti c-type effect in 
and the sane is valid also for the 
962, 1983; LASTOVICKA and SATORI, 1982; 
aR (if any) effect of the IMF sector 
Europe (LASTOVICKA, 1982; LASTOVICKA and 
rn of the IMF sector structure effect in 
the E- region, a significant effect in 
than any in the stratosphere and signifi- 
the tropospheric type). 


The geomagnetic type effect is 
structure related changes in g?omag 
nents - IMF polarity changes and th 
cy opinion, the latter effect is ca 


geoactive southvard 

The tropospheric type effect i 
plained in terms of geonagnetic, co 
effect seen s to be caused by an act 
sheet) itself. The main problcn vi 
is quiete ning. The effect looks li 
energy source. However, this is no 
netospheric physics. 


; ionospheric response to the IHF sector 
^netic activity. It consists of tvo conpo— 
e boundary crossing itself. According to 
used by crossing-related changes of B or 


8 quite a nev phenomenon. It cannot be ex- 
f nic ray or general solar activity. The 
ion of the sector boundary (• varped current 
th finding the mechanism is that the effect 
kc svitching off, not switching on, an 
it acceptable to solar, solar wind and oag- 


There are two factors, which make studies of the IMF sector structure ef- 
nr^r' C °i? d i J fflcult * Thc ttopospheric (but not the geomagnetic) type effect 
n i ?o^ PPC ? r * in 80ICC I-ASTOVICKA (1981) shoved that, in the 

period 1974-1977, the tro P oo P h 3 ri c-typc effect practically disappeared not only 
xn the troposphere (VAI), but simultaneously also in the lover ionosphere. 

the * ituatlon i" the years 1974-77 (solar minimum) was quiet enough. 
Perhaps no other important quietening vas possible. 

gcoactivi ty of different sector boundaries varies. SVESTKA et al. 
(1976/ found some sector boundaries (called proton boundaries) to be followed 
by streams of Icv-energy protons. WILCOX (1979) found the effect of such pro- 
on boundaries in VAI, as well as m geomagnetic activity, to be considerably 
tronger than that of non-proton boundaries. Figure 6 shows the effect of pro- 
'in 11 **? n0n ^ rOtO ? boundaries radio wave absorption in the lover iono- 
sphere in winter. The effects of proton boundary crossing are considerably 
•tronger and evidently more important than thc effects of crossings of non- 
proton boundaries. However, as far as I know, information on proton boundaries 
is available only for thc period 1963-1969. 


In conclusion it can be said that the IMF sector structure effects in the 




V 



<»r« 

Figure 6. Sector boundary creating effect* in absorption at 
245 kHz separated for night and noon, proton and non-proton 
sector bomdaries. Winter# 1963-1969* The data are ex- 
pressed in ratio to the croasing-day values. 



□idlatitude ionosphere are ninor in comparison vith the effects of solar 
flares, geomagnetic stoma etc,, and are of tvo different types. The geomag- 
netic-type effect is a disturbance t representing an ionospheric response to 
changes in geomagnetic (■ magnetospheric ) activity, and its mechanism is at 
least qualitatively understood. The troposphcric-type effect is developed best 
in the tropospheric vorticity area index with possible relations to weather* 

It is a quietening , not a disturbance, in the troposphere as veil as in the 
ionosphere* Its mechanism is not understood. The IMF sector structure effects 
are partly different for different seasons and they are considerably stronger 
for proton than for non-proton sector boundaries. I think the main task of this 
field of research is to discover the mechanism of the tropospheric-type effect 
and to determine tha role of the IMF effects caoag various solar-terrestrial 
relations* 
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DEPENDENCE OF THE HIGH LATITUDE MIDDLE ATMOSPHERE IONIZATION 
ON STRUCTURES IN INTERPLANETARY SPACE 


J, Bremer and E. A. Lautcr 

Academy o£ Sciences of the CDR, 

Central Institute of Solar-Terrestrial Physics, 
Observatory cf Ionosphere Research, DDR-2565 Kuhlungoborn, GDR 


As known from LAUTER et al. (1978) the precipitation of high-energetic 
electrons during and after strong geomagnetic storms into heights below 100 kn 
in middle and subauroral latitudes is markedly modulated by the structure of 
the interplanetary magnetic field (IMF) . In the present paper we want to show 
that also under relative quiet conditions the D-region ionization caused by nign 
energetic particle precipitation (energies greater 20 - 50 keV) depends on 
changes of the interplanetary magnetic field and also on the velocity of the 
solar wind. 

Following investigations by DUHGEY (1961) and by RUSSEL and HcPHF.RRON 
(1973) the negative B component of the interplanetary magnetic field in the 
solar nagnetospheric coordinate system should play an important role for t e 
interaction of the solar wind with the magnetosphere and the accompanying 
acceleration processes* Such negative B components are induced in the solar 
magnetospheric coordinate system by the normal IMF sector structures only in de- 
pendence on regular daily and seasonal changes of the po'_w of the dipole 
axis of the Earth's magnetic field in respect to the solar axis. If vc aasuae a 
mean IMF f ieldstrength of 5 nT ve obtain a seasonal variation of the vertical 
magnetic f ie Ids trength in the solar nagnetospheric coordinate system as shown in 
Fig. 1. Here we have calculated only daily mean values, neglecting the daily 
variation of B . Whereas T-sectors induce in spring maximum negative and in 
autumn maximum 2 positive values, A-sectors cause opposite results. As vc believe 
that negative B^-values should favor particle precipitation into the lover 
ionosphere but poaitive B -values should reduce precipitation we define A- 
sectors in autumn and T-sectors in spring as so called pro-sectors , and T- 
sectors in autumn end A-scctors in spring as * anti-sector s • 


To test this assumption, we have investigated the influence of IMF-sector 
boundary croosingo on ionospheric absorption data of high and middle latitudes 
by the superposcd-epoch method, with the firot day of a new sector as zero 
key day. The dates of the sector crossings were taken from the catalog of 
SVALGAARD (1975), or from Solar Geophysical Data. In Fig. 2, the result of 
this analysis can be seen for noontime absorption measurements at vertical in- 
cidence on 1.75 MHz and 3.0 KHz as well as OJA observations on 22.4 KHz, ob- 
tained by the GDR participation groups during the 21»t - 23rd Soviet Antarctic 
Expeditions at Novolazarevskaya (11.83*E, 70.77*S). A total of 67 sector cross- 
ings between June 1976 and November 1978 have been used. In the upper part of 
Fig. 2 the influence of all sector boundary crossings on the absorption data is 
presented (dashed-dotted lines) whereas in the lover part these data are sub- 
divided into transitions from pro- to anti-sector (dotted lines) and from anti- 
to pro-sector conditions (full lines). In contr t to the small variations of 
absorption if all sector crossings are superimposed, a very pronounced influence 
of the IMF sector structure can be observed during the transition from anti- o 
pro- or pro- to anti-sector conditions. Absorption differences of about 8 - 




Figure l* Kean seasonal variation of the B z -component in 
colar-oagne to spheric coordinate system for an undisturbed 
interplanetary magnetic field (magnitude B ■ 5 nT) vith 
A- and T-po larization. 




Figure 2. Variation of ionospheric absorption at high latitudes 

(t!ovolazcrevskaya:70.8*S; 11.8°E) during IMF-ecctor boundary cross- 
ings 

all sector crossings 

. ; only crossings from anti- to pro-sector 
. , . . : only crossings fron pro- to anti-sector 


10 dB at 1.75 or 3 lain, and about 0.4 dB at 22.4 101z, demonstrate the importance 
of negative B -values of the IMF for the precipitation of high-energetic par- 
ticles in higfi latitudes. 


For the sane sector boundary passages we have also investigated the be- 
havior of f • -data fron ionooonde measurements in different latitudes. Fig. 

J shows the n results. Whereas in high latitudes a strong dependence of the 
f n i n -data on pro- and anti-sector condition could be detected, this influence 
is smaller in niddle latitudes. A somewhat larger effect can be seen again at 
Port Stanley where particle precipitation is core effective because of the 
South Atlantic anomaly of the Earth’s magnetic field. In lower latitudes there 
seems to be also a retardation of about 3 or 4 days of the ionospheric effect 
in respect to the sector crossing, cost clearly seen for the anti- to pro-sector 
transition at Juliuaruh and Port Stanley. This effect may be caused by the 
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ieurc 3. Variation of l min -data during IMF-sector 
boundaiy crossings in d^ndence on latitude (geogr. 

lat. in brackets) * 

. . . crossings frcn anti- to pro-sector 

- : crossings from pro- to anti-sector 


1979). 

Beside, the IMF sector t^locit, 

important for particle precipitation, P , * B cd p Usna Gtreams" after a 

wo have also tested the influence of nieh speed plasma streens were 

catalogue of LINDBLAD «»d l.UKOSTE»r^»98 1). ve locities by .ore 

mainly defined ns solar plasma s.rc , lr( . nrouB enhancements of their ion den- 
than 100 lan/s within 24 hours with sim fcic £ icld . From the period be- 

sity and/or changes of the “ ** p u f th a durat i on of more than 4 days 

tween 19o4 and 75 we used 171 « u£ h e “ £ HaUcy Boy> and on the geo- 

and investigated their influence on 01 Hallcy y * 

magnetic AE index, 

In Fig. 4 the results of a 

;e 

stream 

velocity changes Av I 300 km. \ ""^^er.Ught Vat'low velocity 
also the ionospheric absorption increase , velocity streams (b). In the lower 
streams (a) but very pronouncedly- wit b g 1 7 dividcd into streams with 

part of Fig. 4 the two collectives velocity streams (c) the influ- 

IMF of pro- and anti-sector c ® n4 . ltlon, ‘ rkcdlVl c . g< plasma stress during 
ence of the Rector structure particle precipitation than before the 

anti-sector conditions cause vc i oc ity strenma (d) the precipitation 

during^he °.t«® Uafwajs higher than before, but again markedly modulated by 
the I11F sector structure. 


the f • -data are represented, Tne zero '' tv ~ <j ata fle ts: hig 

high speed plasma stream. The < data ana 7“* s 230 ^,^1 ( a ) and large 

speed plasma streams > Vl $S 0 'tai i| <b>. With the beginning of the plasma stre. 
velocity changes Av >_ 300 kns ^ eiUhtlv at low velocity 




Tt t •**, \ .' « 
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Figure 4. Variation of £ nio"d“[-“ /[''(a'S^c^orYT \ 300 km/s <b and d). 
streams (HSPS) with.'. ° i (b ) cubdivided corresponding to 

m (c) and (d) the data of a) nd b) are sub 

t vit? i infv riurinr. 




For investigating a -parable dependence ^ ^love^ene 
precipitation we have chosen as rndicat produced by ionospheric currents 

auroral elcctrojet index, AE resting to 1 - 10 keV 
in polar latitudes between abou. 10 absorption measurements which nay be 

electron precipitation, in contras ‘° fes of core than 20 keV. Fig. 5 

influenced below 100 kn correspond! g ■ of A E-values for the race high 

shows the result of a ^^^^^^^^..energetic particle precipitation 
speed plasma streams 38 ln plocitY changes of the plasma streams, too, 

is positively correlated with the v * £ ° C f * nc ji of £CCtor structure changes 
but in contrast to the f nin - val “® 8 instance, with low velocity plasma streams 
is obviously not so dominant. For cctor conditions, contranly to the 

the AE Index is enhanced also with « particle precipitation at 

f -variations in Fig. 4. These i e * ti electron precipitation is 

different ^W **™*^* Structure changes than the lower one. This can he 
stronger controlled by se t differentiate the nagnetospheric acceleration 

a hint that the IMF structures the following conclusions should be 

processes of energetic particles. dependence of particle precipitation 

mentioned: The presented results ° interplanetary magnetic field and on the 

on the negative 6 -component of th < ex pi o£ y AKA soFU's energy transfer 

velocity of the solar ^"d support the c P approximation for the de- 
function (PERREAULT and AKASOFU. 1978)^ wind into the atmosphere. The 

ecription of the energy ra p £ t ation of particles in dependence on their 

one rgy^ d howevcr' n cannot be explained by this energy transfer function. 

. r TV p cp c t or boundary croscings upon 

thc plasm^of 6 the^iddle^taosphere^h^dif f erent physical behaviour of the 







IHF-sectors during the spring and autumn halfyear should be taken into consider- 
ation. Our classification of IHF-sectors after their B -components in the so- 
lar magnetospheric coordinate system (pro-, anti-sector e f seems to be more ap- 
propriate than the usual classification after the direction of the IHF in re- 
lation to the sun (A- and T-sectors). 

As the excessive D-region ionization due to precipitation of high energetic 
particles markedly influences the radio wave propagation especially in high 
latitudes, the derived dependence of particle precipitation on structures of the 
interplanetary magnetic field can improve the prediction of radio propagation 
conditions in polar regions. 
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SOLAR-TERRESTRIAL INFLUENCES ON THE D-RECION AS SHOWN 
BY THE LEVEL OF ATMOSPHERIC RADIO NOISE 


C. Satori* and B. Schaning** 

♦Ceodetical and Geophysical Research Institute of the Hungarian Academy of 
Sciences, 11-9401 Sopron, Hungary 

♦♦Central Institute of Solar-Terrestrial Physics, Observatory of Ionosphere 
Research, DDR- 2565 Kuhlungsborn, GDR 


Measurements of the integrated atmospheric radio noise field strength at 
27 kHz, used here, were made in the period 1965 - 75 at three unified European 
stations: Uppsala (60°N), Kuhlungsborn (54°N) and Prague-Panoka Ves (50.5*H). 

For some cases, also measurements at 5 kHz from Prague-Pan6ka Ves v_»re avail- 
able. 

In earlier papers it has been shown by che superposed epoch method that 
during Forbush-dccreases the level of atmospheric radio noice also decreases at 
middle latitudes. In case of occurrence of both Forbush-decrer se and gcomag- 
net .r storm, the level of atmospheric radio noise generally increases (SATORI, 
1976). In course of the theoretical interpretati' i, using the VLF waveguide 
mode theory, the attenuation of VLF electromagnetic waves has been computed con- 
sidering electron density changes due to the For bush-decrease , variations of 
the cut-off rigidity and particle precipitation (SATORI, 1978). 

We consider the large-scale meteorological situation by comparing solar 
disturbed and undisturbed periods under similar weather situations. In order 
to show the effects of the precipitating high-energy particle (HEP) flux and 
of the Forbush-decrease on the noise level of all three stations simultaneously, 
the correlation of the noise level between pairs of stations were computed as 
deviations from the monthly median, AC (dB), day by day for all six periods 
studied here. We computed the correlation coefficients for noon as veil as 
for night values. These correlation coefficients were compared with those for 
solar undisturbed periods. 

- As expected, the correlation of the noise level is highest when the HEP 
and the FORBUSR-decreaec during disturbed periods predominantly control the 
propagation conditions. The influences on the noise level are more distinct 
at Uppaala than at Panska Ves. 

- The average correlation coefficient between Uppsala and Kuhlungsborn for 
the disturbed periods is r * 0.72 (n » 22) for the day-time (1200-1600 LMT) 
and r " 0.71 (n ■ 21) for the night-time noise level (2200-0200 LirT). It de- 
creases to r ■ 0.4 (n * 26) and r ■ 0.43 (n * 26), respectively, for undisturbed 
periods . 

- For the correlation between Kuhlungsborn and Panska Ves there were no sig- 
nificant differences between the analogous correlation pairs r * 0.69 (n ■ 22), 
r * 0.75 (n - 22) and r ■ 0.68 (n '« 27). But the noise level variation for a 
disturbed perioa is very similar at all three stations. 
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' ^ ‘ he Korbu * h - d “r«.e ended. There is a coderate Lise 
level rise corresponding to FSK III. 

Fig. 2 shows the extraordinary event of December 1971. when a strnn^ 

F;? H'£ 

rs. s«rs~ rdi 

centra l*Euro P e^( 10 *E) '^hlV'T w** ° VC: 0thrr tliJ ' U,ltuJ e ‘taticu, in 
after ,h„T u ]■ rorbush-dccre.se vas also strong and it ended only 

tLnIe to'the roH rt The .“ £ “ »"'* «»•«*•• •»-»- the dayli,ht re- 

r v; / vfuch ,,ive be ™ utitu*. 

I.. .V f ! Ucct of ‘he geomagnetic store. Therefore a virtual emoaite 
la itude dependence of the el feet of lor bush-decreases nay be seen. Th^ieht 
noise level changes are ar.biguout. £ 1 

3 ! h °J'‘ * n . cvrnt vit, ‘ « derate For bush-decrease and geomagnetic 
L°- Fortush-decre.se begin, three day, earlier than the ge^apn'lic 

picture culte^ 'T Ch,WKCS of ‘>>e atmospheric radio noise level show a 
tensive a. compared to the LF absorption in Kuhlung.bonu " “° re l " 

the . Fi£ ‘ 3 4 * hOW * a C0llecti0n of “iffnrent events referring to the effect of 
hourS ^f r ‘ C d lC “s™ and Ur hush-decrease for Kuhlungsborn in daylight 
•, : *„ ay ; ° f oceu Frence of the geomagnetic store,, are indicated by the 
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Figure 1* 


Summarizing ve can see that the VLF noise level change# due to the joint 
effect of Forbuah-decrcaac* and geomagnetic storms show a rauch core varied pic- 
ture a# compared to the l.F absorption post storm effects in case of different 
events* Put by means of the VLF noise level the direct influence of the galac- 
tic cosmic rays in the lower D-region may be studied. 

REFERKU CES 

Larsen, T. U., J. »* Reagan, W. L* Itnhof, L. E. MontbrUnd and J. S. Relroae 
( 1976) , J. C e oph v a, Re«_i_ » $LL» 2200. 



) 



208 


\ 


•'A 







Fortk*?\ • dsasav* F<h buth • Ctastot* 



ATMOSPHERIC NOISE LEVEL 


V? - 16M><T 22-02 h IMT 



Figure 2. 


I 


i 


Laetovicka, J. And Z. Ts. Rapoport (1979), Stu dio C e oph, et Geod. . 23, 263. 
Lauter, E. A., A. Grate, R. Nikutovski, J, Taubenhci® and C. U. Wagner (1979), 
Ger la nds Rei tr. Ceoph ysik. Leipzig, 88, 73. 

Satori, G. (1976), Acta Geo d, Geo ph. Horn , Hung. » 1 1 . 229. 

Sat or i, G . (19 78), Act a Geod, C eo ph, Mont, Hung, , 1 3 . U 7 $ . 



) 


» 

I 

1 






ATMOSPHERIC NOISE LEVEL 


U*16»»LMT 72-O^ImT 


ACdB) UppVQ<0 27 hHj /**,• 'A S / uopto*o 27kMi 



, Octob^.DX 


Figure 3 



\ T 






210 




ATMOSPHERIC NOISE LEVEL 


KuMu»>git>om U-1bh IMT 






Figure 4, 









i 



N85-2048 9 


LATITUDINAL DEFKNDENCF. OF 

THE HESOSFHERE BY HIGH- ENERGY ELECTRO. S 

C. II. Va K ncr*. B. Nikutovski* and 11. Ranta** 

Institute el «-■>« °* 

SF-99600 Sodankyla. Finland 
**Ccophysical Observatory Sodankyla. sf n o 


. /an five the posiiibi” 

Night-tine ionospheric absorption neasurenen ^. ’ thc CCSO sphere 

lity to Study thc precipitation of hxgh Finnish ri „ e tcr network 

during and after ongnetospheric at. p and Collm (CDR) have been used 

together with A3-measur.rn.ents ^on kuhlu' Z {uTlClicn o[ latitude (L - 6-5 ” 
to investigate the night-txne abs0rp ' ( WAGNER ct al.. 1982 a). The common trends 
2.5) and storm-time for seven st h ° ro *J^™ Va a schenatic average picture 
visible in all these events can be surmar "creased ionospheric absorption as a 
(see Figure), showing the distnbutio During thc main phase of the 

function of latitude ^ been found for all 

storm enhanced precipitation of hig J ha8c thc precipitation in au- 

1,-shcl Is (2.5 < L < h.O). During the recov J latitudes an electon pre- 
roral latitudes can be relatively . ition of the poleward boundary of 

cipitation belt starts to 8evclo P . ™‘ c P function of btorn -ti«e. It reaches 
this precipitation belt is found to ionoopheiic absorption increase 

L ? 4.5 at the end of the recovery phase ^ a J electrons, because it i. 
is only a rough indicator for ““* t ecr ated information. Either in-situ 

only a height-integrated and energy^ » at ellites or pitch-angle distribution 
measurements onboard of low- plane nay be used to gain more detailed l 

measurements made in the cquator.alplanc n 1 be , ou 100 by precipitating 

formation about the energy input into th E Umtion of electrons for four 

electrons. Heasuremen s ° 2 40-560 Uc V) made onboard of Explo- 

energy channels (35 70, * . hive been used to study thc 

rer-45 for 2 • L - 5.2 in the ^uator.al p ane^hav^b^ ^ (WACNER ct 

variations of the electron ^“M^Yf the storm the slot region is filled 
al., 1982 b). During the main pbas ^ b . one ordcr of magnitude for the 
up totally and the electron fluxes >rease * Uudc for thc 240-580 keV elec- 
35-70 keV electrons and by three or c f R ionogp herc by precipitation, but 
trons. some energy is at once released to the radUtion bclt . During 

q j^reat anount of this energy U “ ^ YYr ^electrons into the radiation 
the recovery phase the input ofjev ' 8ig] " t *ansf erred to the ionosphere by pre- 
belt decreases and the stored eneif,> , inside a magnetic tube of 

cipi’ation. Thc number of high-energy el ^t tubc contcnt> ll06 been de- 

1 cm* area at 100 km altitude, t . d storT , t i nc . During thc rc- 

termined in dependence on L, energy exponentially in a rather steady 

covery phase the flux tube con ■ dete , -mined by the lifetime of thc 

way. The time constant of this decree ^ t i oe constant of 

electrons against pitch-angle diffusion procc li£ tinft against pitch-angle 
5Slfflr-Vr «1? - main Phase control the pre- 

cipitation into thc ionosphere. 

The energy input rates for the uYYYhavrbccn estimated for 

August 9 (15.15 UT) through August , "energy input by high-energy 

Y \ 3nd s 0' 5 ‘ " d °500 d ^ ".nof the recovery phase has been found 

electrons t -. 
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Figure 1 , 


to 

de- 


t. bo more than 100 erg/cm 2 at l - 3. ««V"\r^St T .“?Uh S WoV. 

fluxes) transfer more energy into the ' ^ viir 

At the beginning of the recovery phase the energy «P* phasc 
120 < E < WO kcV is higher hyafactor^-i.^Ourrn^the^reco^^y P ^ ^.4 

the ene.^y inpuUby % ct *™ w % from the highest energy channel 

7 x 10 erg/cm B,_gnd that by_fiecyo of the 

creases from 7 x 10 to O x 0 erg/cm *. The htg^- ^ REES 1963). 

precipitating electrons, the lower he * maximum occurs between 93 km 

For the energxes mentioned “ b ° v £ } ™ ha [ bpen 6hown above the energy is 

(-40 keV) and about 73 km ( 500 k«V). As midU titudcs. For the 

?;■?£ .»»> 

raws* &»■» ^.^V43~?- s - w 

hove been tr an b£ erred to this belt by high energy t e 

J5.TS.W? «?ar SS: =£;rss 

(a) The energy is directly cp0 _ j ' up t0 some weeks after storms, 

ferred into the lower ionosphere for many days T ^ 6 ° (2 < L < 4 to 4.5). 

r ( \ Ttlf energy input occurs only in a midi ati tudina 1 Deic 
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introduction .. 

Charged particle P« ci P^ tio " l" i es%are th part°in°ca«iytic reac “° n ® in 
nitrogen and odd hydrogen. Theoe fi P“ 8trat o £ pherc and mesosphere. « od ^” 6 

l^d'^^e^troSaon^n’the stratosphere - 

CPUTZEN and SOLOMON (I960). ^^““^rcSente^calc^ationt for higher 
solar proton event (SPE) of Au e u “ * 97 ? ’ brief reduction during and we- 
al titudes (70-90 R») >n d rcatrng hat ' ‘ tfltion> ozonc vill later reach 

mediately following ""^^“p^sent before the event, 
higher concentrations than those pre 

MESOSPHERIC PHOTOCHEMISTRY vfi foUou 

in order to study vapour photolysis 

the discussious of CRUTZEN and SOLOMON (19BOJ. ^ eoneition . The odd 

effc cM^ 

sr *•«»»- •“ ‘" tl “ 

11 + 0 3 OH e 0 2 

0 * OH - H ♦ 0 2 

a "“" t t,Tz . : - *■* 

crease of ozone a tew ww 

EXPERIIEKTAL RESULTS densities as 

It is the aim of this paper to examine our ^experiments the mechanism pro- 
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The period between early September and early October 1974 has been chosen* 
Three solar proton events occur during this time as given by Solar Geophysical 
Data. Out data base comprises 37 ozone density profiles between 10 September 
and 3 October 1974 (see Fig. J). The geomagnetic position of the profiles 
varies from lower northern latitudes to medium and high southern latitudes. 



Figure 1. 


Our ozone densities seem in general to reflect at least some of the pre- 
dicted features. The proton event with its peak on 13 September as well as the 
one on 20 September seem to be followed by pronounced enhancements of densities 
at 80 km height a few days after the event. Even the third event around 25 
September seems to contribute to the ozone enhancement. The densities r.t lower 
altitudes possibly indicate that during the first event the response to the 
particle influx penetrates down to altitudes of only 70 ka and with increasing 
time delay while during the second and third events altitudes as low as 65 km 
have obviously been reached. This .‘ould be explained by different energy 
spectra of the precipitating protons (KARSZENBAUM and GAGLIARDINI 1981). 

Figure 2 illustrates the difference in ozone density for normal conditions 
and those influenced by the particle precipitation event. The 10 September 
comprising 4 profiles has been chosen as a reference. The curve for 16 Septem- 
ber comprising 3 individual profiles represents the maximum of enhanced ozone 
density of the first event. The ratio p (0^) between both profiles is shown 
in Fig. 3, No enhancement has beer, found below 70 km. A maximum seems to 
occur around 80 km with enhanced ozone densities of up to a factor of 2.4, con- 
siderably higher than value of 1.4 predicted by CRUTZEN and SOLOMON (1980). The 
particulars of the measurements do not provide sufficient temporal resolution in 
order to study the relatively short phase of the predicted ozone decrease during 
and a few hours after the event. The behavior of ozone density during the 
first event seems nevertheless to indicate that ouch a process is indeed taking 
place . 
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CONCLUSIONS 

Ozone densities at altitudes of 55 - 82 km have been examined as to their 
reaction to solar proton events. It seems that at least some of the features 
predicted by CRUTZEN and SOLOMON (1980) are reflected in the data. While the 
shorttirae decrease is not amenable to the experimental method used the ozone 
density increase, lasting for several days, seems to be well pronounced around 
80 kin. More data are however necessary in order to provide information on dy- 
namic processes and on the role of odd hydrogen in controlling the ozone 
balance in the mesospheric region. 
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INTRODUCTION 

It is commonly believed that geomagnetic disturbances are caused by ex- 
ternal influences connected with the solar wind. The 27-day recurrence of per- 
turbations semis to be a strong ..int for this interaction. But frequently geo- 
magnetic disturbances occur without any relation to sunspot numbers or radiowave 
fluxes. This was one of the reasons for introducing hypothetical M-regions on 
the sun and their relation to solar wind activities, 

McPIIERRON e t al. (1982 ) have reported that only one half of the variance of 
the geomagnetic AL-index could be related to the solar wind. Therefore they 
.oncluded that internal processes of the magnetosphere were responsible for 
additional geomagnetic activity. This paper discusses arguments, which night 
lead to the suggestion of geomagnetic disturbances as being .aused by internal 
atmospheric dynamics and tries to establish a rather preliminary scenario of 
those processes. 

STATISTICAL STUDIES 

Fig. 1 shows median and arithmetic mean values of the local geomagnetic 
activity index r of the station Niemegk (GDR) for the October-November 
period of 41 years. This period obviously exhibits recurring meso-scale varia- 
tions of remarkable amplitudes. The A^-index data presented for 26 years show 
a bimilar behaviour. Particularly the end of Oct. with a peak about October 
28 posesses a distinct activity maximum followed by a pronounced minimum about 
November 6. The statistical certainty of the X K -data amounts to 98.5 to 
99. 9Z. Such a distribution of rather strong perturbations is evident also 
during other periods of the year particularly about and after the equinoxes. 

Regarding individual years this statistical finding is not immediately 
evident, so that it proves only the existence of periods with enhanced proba- 
bility of disturbed or quiet days, but not an annual recurrence of such events. 
Solar parameters such as the sunspot number or the 10.7-cm flux gave no hint to 
explain this phenomenon. Although a period of 2 years very well fits a number 
of 27 solar rotations, no 2-vears* recurrence has been found. This may be seen 
also on Fig. 2 showing similar variations of the A,, medians during the April/ 

May period, but being out of phase of the 27-day rotation period. Rather 
strong negative ionospheric disturbances frequently occur approximately between 
October 25 and November 2. Ve have called this period the MID-period - period 
of major ionospheric disturbances (SCNNEMANN, 1983). Fig. 3 snows the 11-years 
mean day-time level of the critical frequency foF2 compared »/ith corresponding 
values of geomagnetic activity. Clearly visible is the breakdown of the criti- 
cal frequency after its seasonal peak. A proper ionospheric activity index 
p-occsscd in a special way, shown in the upper part of tl is figure, exhibits a 
distinct uiaximun at the same date. 

If we consider other parameters such as radio wave absorption no signifi- 
cant hints for a relation to the D-region parameters can be found. The air 
pressure mean values shew maximum values even before and during the MID-period 
with a st: ^11 decrease simultaneously with the decrease of the critical frequen- 
cy. Alao the semiannual exospheric density variation has its maximum about 
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COMPARISON of a, -median values of the periods 
after equinoxes shows similarities in the s tructures 

g SAE- SEMI-ANNUAL- EFFECT OF EXOSPHERIC DENSITY VARIATION 



October 27, indicating an iminent dependence. 

SATELLITE 03SERVA7I0HS 

Me vere able to derive neutral ga* profiles of the European sector fron 
occultation ceasurtxaents of the Solrad-IQ satellite for certain ionospheric 
disturbances related to geo&agnetic perturbations. During a cJijor disturbance 
about October 29, 1971, we derived sene results on structural variations of the 
neutral gas (cor.po s it i on and density) between about 90 and 300 Ltj using Solrad- 
10 peasurreent s , as shown ir. Eig, 4. During the positive sterr. phase the 
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Figure 3, 


molecular components decrease and atonic oxygen increases, the profiles are 
strongly disturbed. Tho day of negative storm is distinguished by a resonance- 
like upvelling of the nolecular components, while thermospheric atonic oxygen 
decreases below about 250 kn and further increases above 250 kn. The mean 
thermospheric temperature deduced from the density gradient reaches maximum 
values. The recovery phase starts with a sudden thermospheric cooling, the 
colecular components decrease but the atoaic oxygen density above 250 kn attains 
maximum values. 

DISCUSSION 

In order to solve the puzzle we shall try to establish a scenario of pos- 
sible relations. The observed structural variations of the neutral gas ore re- 
lated to perturbations, which are evident even in medium latitudes in the ucao- 
sphere, below those altitudes which are sufficiently influenced by precipitating 
particles caused by external geomagnetic disturbances. This, together with the 
above statistical results, leads to the suggestion that internal atmospheric dy- 
namics is responsible for perturbations )C this type. Ceonagnetic variations 
and perturbations could be connected with wind shears within the dynamo region, 
particularly at high latitudes. It can be excluded, however, that they are 
directly and completely caused by the dynamo region currents. More likely, 
E-fields generated by the dynamo region currents, e.g. the auroral electrojet 
could be responsible, affecting plasma drifts within the magnetosphere. Accord- 
ing to WILLIAMS (1982), only a certain part of the plasma of the ring current 
originates from the solar wind, while the other part has an ionospheric source. 
The magnitude of the ring current depends on the balance between injection from 
the solar wind and decay by charge exchange of ring current plasma with neutrals 
of the geocorona (DESSLER et al. 1961, TINSLEY 1977). Tlrnt means that the ring 
current grows with increasing solar-wind flux (external influence) or with a 
decrease of the density of neutrals which could be understood by a respiration 
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Figure 4. 


of the geocorona caused by dynamical processes of the lower atmospheric layers. 
Due to their short lifctine of about 2 hours, hydrogen ions decay first, follow* 
ed by a decay of heavier ions such as helium and oxygen with lifelines 6 tines 
larger. Therefore composition changes of geocoronal neutrals have to be re- 
garded, too. As TINSLEY ct al. (1982) pointed out, fast neutrals of several keV 
energy created by charge exchange cross through the magnetosphere on straight 
trajectories and precipitate within denser layers, particularly influencing mean 
and equatorial geomagnetic latitudes. The neutral hydrogen penetrates to an 
altitude of 200 - 110 kn while atomic oxygen precipitating in the second phase 
reaches only heights of 250 - 300 kn. The estimated energy input by fast neu- 
trals esounts to 10Z or core related to the EUV-input and nay lead to an import- 
ant enhancement of the nighttine ionisation. This night be deduced from the 
TEC-data during the night before the negative storm. Eut the possibility of 
downward plasma transports caused by equa tor-to-polc winds and a considerable 
reduction of the dissociative recombination due to composition change has to be 
considered. Not regarding other details of the complex process, the neutral in- 
flux causes on one hand by its upper thermospheric energy input a positive feed- 
back taking into consideration the upwelling of atonic oxygen and the negative 
reaction of hydrogen on an enhancement of exospheric temperature. On the other 
hand, the creation of N„-ions and of vibrational ly excited N ? could be a 
source of sufficiently large quantities of NO particularly within equatorial and 
cean geomagnetic latitudes. 
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. ~ n»rrtcul«rlv at pedito a°d higher 

The neutral density of the * be ”°*£»*vari»tion. with planetary tiw end 
latitudea o£ the winter hcniaphere. .ho varUtio n» ere connected with 

.pece .celt. (SCBKEHMSH et . * l „ Voo (SCHK XKAKK et el. . 1979). A. •»• »•««» b * 

pi. .tee veri.tion. of the louer E * excc.ive nb.orption aicultanooualy 

SATO (1981) SSC-cvcnta are followed by by .ectorwi.e precipitation of 

within » l.r 8 e lon R itudi.uit .ector expl.ine^y^ however , U follow, hat the 

high energetic electrons. Fr0 . * hi i Ar c e longitudinal sector, liOKed 

0 density changes simultaneous y vi f t her bo sphere in phases o£ l * w °2~ 

with O.-gradient enhancement e in versa. This varying gradient 

den.it/ and low radio wave J “ni.in C radiation, but a certain in- 

cannot be excluded. 

The dcn.ity variation.. »* ve Y* r ' ibS e "l5w”Srto“iS”r circula- 
SSV.“VM U t: -tral iopact to the t—.pher. and £ eo- 

corona. ^ other 

External and internal inf l^nee. do not ^occur ^P ^ tlusc , 0 f the Sun. 

but rather cocbined, includin B the . * tood by considering the whole at- 

^ptla":;n»:cri“udinr«:«^olo 8 ic.l proce.ae . and wave Phenomena. t.Vin e 
into account variou. feedback*. 
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